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...depend upon CARBIDE...and you can depend on— 


Madlib drum, carload, and ank car quantities 


For full information, phone or write the nearest of our 21 dis- 
trict offices. If more convenient, write to us at the address below. 


\ ——___GARBIDE wo CARBON 
5 | CHEMIGALS COMPANY 


unparalleled experience, 
consistent, high quality, 
a sure supply and 


quick delivery. 


One of a series of new ethy- 
lene oxide units in Carsive's 
continuing expansion program. 


A Division of 
Union Carbide and Carbon Corporation 
30 East 42nd Street New York 17, W.Y. 


If you use Ethylene Oxide, let us 
send you our safe-handling book- 
let “Operating Procedures for 
Handling Ethylene Oxide.” Please 
ask for Form 7618. 
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BAR-NUN Flow Control Gives 
You Fast, Thorough Separations 


PECIAL flow control enables the 
&::: Nun Rotary Sifter to give a 

fast, clean, complete separation on 
every sieve. Additional sieves make differ- 
ent separations, or double or triple the 
capacity of the single steve. Result: Sur- 
prisingly big capacity in very little floor 
space. Even a crowded plant layout can 
usually accommodate the Bar-Nun, be- 
cause flexibility of flow permits a wide 
choice of outlet locations. 


For every sifting or grading requirement 
in your plant—check up on the advan- 
tages of doing the job on a Bar-Nun 
Rotary Sifter. Catalog No. 101, Section 
S is yours on request—no obligation. 


B. F. GUMP CO 
1311 So. Cicero Ave., Chicago 50, III 
Gentlemen: Please send me descriptive liter 
ature and complete information on the 
GUMP.Built Equipment indicoted below: 
BAR-NUN SIFTERS—grade, scalp or sift 
dry materials 
DRAVER FEEDERS— accurate volume per- 
centage feeding 
DRAVER Continuous Mixing Systems— 
accurate, efficient mixing 
VIBROX PACKERS—pock dry materials 
in bags, drums, barrels 
NET WEIGHERS — cutomatic weights 
range from 3 oz. to 75 Ibs. 


B.F. Gump Co. 


Fnqireers ord Manufacturers Since 1872 


Published monthly by American Institute of Chemical Engineers, at 15 North S h Street, 
Philadelphia 6, Pennsylvania, Editorial and Advertising Offices, 120 East 41s st Street Ne w York 17, 
N. Y Commun cations should be sent to the Editor. Statements and opinions in Chemical Engineer 
ing Progress are those of the contributors, and the American Institute of Chemical Engineers 
assumes no responsibility for them. Subscriptions: U. 8. and possessions, $6.00: Canada, $6.50 
Pan-American Union, $7.50; Other Foreign, $8.00. Single copies of Chemical Engineering Progress 
older than one year cost $1.00 a copy; others are 75 cents. Entered as second clas» matter December 
9. 1946, at the Post Office at Philadelphia, Pennsylvania, under the Act of August 24, 1912. Copy 
right 1953 by American Institute of Chemical Engineers. Member of Audit Bureau of Circulations 
Chemical Engineering Progress is indexed regularly by Engineering Index, Incorporated 


1311 SOUTH CICERO AVE 
CHICAGO 50, ILLINOIS 
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what they 


What you pay for valves is not the final criterion of value. Not 
when maintenance costs can quickly equal or exceed purchase 
price. And a valve that hinders production is no bargain at any 
price—no attraction to a thrifty buyer. 


Take the case of Phoenix Dye Works in Chicago. Valves in 
acid dye lines on package dye machines were constantly sticking 
and leaking. Maintenance cost was excessive; production sched- 
yt bg > valves and cocks were tried, but none or Monel, in the big Crane line 

of corrosion-resistant piping 
The problem was solved by installing Crane 18-8 Mo Plug Gate materials. 
Valves. With more than 3 years’ satisfactory service received, the 
user reports on these valves: No leakage . . . no maintenance ex- 
pense ...no sign of corrosion ... operate like new. 


Crane Plug Gate in all 18-8 Mo 


Today, more than ever, you need greater assurance of quality 
in piping materials. You get it in Crane valves—the recognized 
standard of quality with thrifty buyers everywhere. Your big Crane 
Catalog offers complete selections for all needs. Your Crane Repre- 
sentative is always at your service. 


\ THRIFTY 


RANE VALVES 


Crane Co., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas. 


VALVES FITTINGS PIPE PLUMBING HEATING 
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STRUTHERS WELLS 


a 


EQUIPMENT 


for Dowtherm 


and Other Fluids 


The Struthers Wells foreed circulation system utilizing 


Dowtherm as a heat transfer medium has been widely 
accepted by the chemical industry and other users in 
recent years. Scores of large installations in this 
country, and numerous units abroad, testify to the 
universal satisfaction of the user. Many of these 
installations are repeat orders. 


This system offers the user: 
Proven performance e at maximum temperatures 


@ lrouble-free operation, no coking or overheating 
ot equipment 


@ High thermal efficiencies 


@ Close temperature control 


@ Complete equipment and engineering service 

@ Moderate initial cost and low maintenance charges 

We also supply equipment for heating gases to high tem 
peratures~ for superheating steam— heating asphalts. 
absorption oil and a wide range of services 


Good deliveries are available in standard sizes. ni q 


Write for Bulletin B-45 STRUTHERS WELLS CORPORATION 
on your letterhead, WARREN, PA. 
please Plants at Warren, Pa. « Titusville, Pa. 


Offices in Principal Cities 
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FISCHER & PORTER 


quilomalie 


FLOW RATIO 
CONTROLLER 


Compact size with extreme precision of 

ratio control are important advances in 

this new Fischer & Porter Ratio Con- 

troller. Designed specifically for flow 

ratio control, it makes a perfect combi- 

nation teamed with the new P-4 Pneu- 

matrol and highly accurate Flowrator 

meters or variable area cell kinetic 

manometers, to assure accurate and de- 

pendable ratio control of fluids, gases or 

slurries. Receives pneumatic, electrical, 

or electronic primary signals. Review 

the features below, then mail the handy 

coupon for complete engineering and 

application data. 
The compact stack mounting of the new 
Ratio Controller atop the P-4 Pneumatrol 
provides the simplest possible unit. 
The large (1014” scale) ratio setting dial 
permits precise ratio settings which are visible 
through the door. F& P wide range, linear scale 
primaries give extreme range of ratio 
(6:1 to 1:1 to 1:6; a total of 36:1). 


[FLOWRATOR 


Interior view of standard Ratio Controller with FISCHER & PORTER COMPANY 
Preumatic set ratio adjustment. 110 COUNTY LINE ROAD, HATBORO, PENNA. 


CHECK THESE FEATURES: Please send me by return mail complete information on your new 
Ratio Controller. 


e Extreme flexibility 

e Wide range of ratio 

e Based on linear scale primaries 
© Control deviation indicator 


@ Primary element fully corrosion resistant 
@ Highly visible ratio setting dial 
e Extremely compact stack mounting 
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of the ST-GOBAIN Process for 
the Manufacture of Complete 
Nitrophosphate Fertilizers 


The St-Gobain process manufactures 
granulated fertilizers in one continuous 
automatic operation. The same equip- 


ment can be used to produce various 
N-P.O.-K.O formulae. 


Can produce end product in any sized 
granules desired. 


St-Gobain plants are available in capaci- 
© ties of 30,000 tons of produced nitro-phos- 
phates per year and up. 


GRINDING 
— 


ACIDULATION —_ 


AMMONIATION 


For complete information write, wire or phone: 


DEVELOPMENT 


CORPORATION 
270 PARK AVENUE, NEW YORK 17, N.Y. 


You benefit from improvements and ex- 
perience of many years of successful op- 
eration on a large industrial scale. 


St-Gobain process, with the same equip- 
ment, permits the use of either sulphuric 
or phosphoric acid according to the for- 
mula of the required fertilizer. 


Capital investment is low due to the use 
of simple equipment. 


Operating costs are low due to a continu- 
ous automatic operation and high yields. 


Examples of Formulae Produced by 
St-Gobain Process 


N% P.0.% K.0% 
CHLORIDE 


17 (sulfo-nitric acidulation) 


MIXERS 20 (phospho-nitric acidulation) 


DRYER 
GRANULATOR 


AGENTS FOR ST-GOBAIN PROCESS 
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‘What Nordstrom Means 


TYPICAL NORDSTROM 
REFINERY APPLICATIONS 


Catalytic Thermal Cracking 
Polymerization 


Phenol Extraction 


Crude Topping and Propane 
Vacuum Distillation Deasphalting 


Fluid Catalytic Cycloversion 
Cracking and Gas 


Delayed Coking 
Girbotol Process 


Distillate Recovery 


in Cycling Plants Propane Dewaxing 


Hydroformi 
Duo-Sol Solvent — 
Extraction 

Naphtha 


Houdriflow Cata- 
lytic Cracking and 
Gas Recovery 

Light Ends Solvent Dewaxing 


Polyforming 
Solexol Process 


Fractionating Thermal Reforming 


Nordstrom has compiled a series of 
specification sheets for each of these 
processes, showing recommended ma- 
terials, pressure classes, lubricants 
and valve figure numbers. Ask your 
Nordstrom sales engineer to review 
them with you. 


TYPICAL NORDSTROM 
PROCESS INDUSTRY 
APPLICATIONS 


Beverage Plants Rubber Plants 
Cement Plants Sewage Plants 
Chemical Plants Smelters and Mines 
Explosives Soap Factories : 
Food Plants Steel Mills 
Gas Plants Sugar Refineries 
Ice and Synthetic Ammonia 
Refrigeration Synthetic Fibers 
Paint and Lacquer Synthetic Plastics 
Paper and Pulp Synthetic Rubber 
Pharmaceuticals Tanneries 
Power and Textiles and Dyes 
Nordstrom three-way Steam Plants Water Works 
Transflo valves on 
relief service at top The new Nordstrom Corrosion-Resist- 


of propylene tower 
seporating propylene 
from propane. 


ant Valve Bulletin V-217 will make 
it easy for you to fit the right valve 
to each service. Write for a copy, 
4 Rockwell Manufacturing Company, 

Ve gti: Pittsburgh 8, Pa., or ask your Nordstrom 
sales engineer. 


‘THESE TWO EXAMPLES SHOW YOU 
4 
j 
< 
WARS 3 
wn 


Here are two typical Nordstrom valve 
process applications — one is a propylene 
tower, the other a dry hydrogen line. 
They illustrate an important point in 
specifying valves for process service . . . 
if really tight shut-off of hard-to-hold 
gases or fluids is important, no valve 
can do the job better than Nordstrom. 

Why? Because Nordstrom is the orig- 
inal lubricated plug valve. Nordstrom is 
the valve with the extra seal of plastic 
lubricant around the valve ports to check 
seepage of even the lightest, most pene- 
trating substances. 

That, of course, means greater safety, 
and greater economy, too, because when 
leakage is prevented, valve life is far 
longer. And most important, it means 
uninterrupted operation of continuous 
process units no down-time for avoid- 
able valve repairs. 

The same lubricant that seals, also 
keeps the valve ready to cperate in an 
emergency. 

Nordstrom valves are built in a wide 
range of sizes, pressures, special metals 
and body designs for the process indus- 
tries, including three- and four-way 
designs for batching, blending and 
switching. Rockwell Manufacturing 

Company, Pittsburgh 8, Pa. 


ROCKWELL Built 


Nordstrom Valves 
Lubricant Sealed for Positive Shut-OF Gear operated semi- 


. steel Nordstrom valve 
é 5 on dry hydrogen sup- 


ess ply line on ammonia 
Another Product 


unit. 
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...and one of the tougher 


problems that has been 
solved successfully by the 
Sharples Super Centrifuge. 


We mention the centrifugal clarification 

of molten chicle not only because of the highly 
viscous nature of chicle, and the cleanliness 
with which it must be processed—but for quite 
another reason: 


A series of test runs made on a standard 
Sharples Super Centrifuge determined the design 
features necessary to handle this material that 

is difficult to transfer even through pipe lines. 

ie: A new rotating element was engineered; 

| new methods of introducing the chicle into this 
element were developed; radical changes in 
discharge covers were required; the frame was 
steam jacketed and special power 


Courtesy of American Chicle Company 


requirements were detailed. 


Solving the chicle problem represents the kind 
of centrifugal engineering for which the 
Sharples Corporation is well known and on 
which you can depend. 


Added to the seven basic types of Sharples 
Centrifuges is the engineering ability and long 
experience of an organization skilled in the most 
effective application of one of these centrifuge 
types to your specific need. 


SHARPLES 


THE SHARPLES CORPORATION « 2300 WESTMORELAND STREET, PHILADELPHIA 40, PENNA. 


NEW YORK © PITTSBURGH CLEVELAND ¢ DETROIT ® CHICAGO ® NEW ORLEANS ® SEATTLE® LOS ANGELES ® SAN FRANCISCO HOUSTON 


Associated Companies and Representatives throughout the World 
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Complete engineering-construction 


Girdler HYGIRTOL® Plant at U. S. Bureau of Mines Synthetic Liquid Fuels 
Plant... supplies both pure hydrogen and various mixtures of synthesis gas. 


service assures a job “well done” 


OR PROCESS PLANTS in the 
natural gas, and 
petroleum industries, Girdler 
assumes unit responsibility for de- 
sign, process engineering, and con- 
struction. This saves you engineer- 
ing manhours and time. Most 
important, it assures proper co- 
ordination of the whole project 
and successful results. 

Girdler has broad experience in 
handling complete “process pack- 
ages”. . . covering design and con- 
struction of process plants involv- 
ing very high operating pressures, 


high temperature reactions, and 
corrosive substances. 

For the first step in your plan- 
ning, obtaining factual data for 
evaluation, Girdler offers cost-plus 
contracts covering preliminary 
engineering . . . process recom- 
mendations, flow diagrams, general 
equipment specifications, plot 
plans, cost estimates, and oper- 
ating cost data. This simplifies 
planning, and assures sound deci- 
sions. For a job “well done”, call 
on Girdler in the planning stages 
of your processing facilities. 

*HYGIRTOL is a trade mork of The Girdler Corp. 


the GIRDLER 


LOUISVILLE 1, KENTUCKY 
Gas Processes Division 


GAS PROCESSES DIVISION 


Designers, Engineers, and Constructors for the Petroleum and 


Chemical Industries 
VOTATOR DIVISION: Processing Apparatus for the Food and Chemical Industries 
THERMEX DIVISION: Industrial High Frequency Dielectric Heating Apparatus 
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PROCESS RESEARCH —Girdler’s research and 
development department is well equipped 
to assist with all types of process problems. 
A technical staff is available for consultation, 
and Girdler's research group can be em- 
ployed on special problems at reasonable cost. 


ENGINEERING Experienced executives direct 
a group of engineering specialists, trained for 
every job requirement. In addition to basic 
process and equipment design, Girdler en- 
gineers have broad experience in buildings, 
foundations, electrical systems, boiler plants, 
instrumentation, etc. 


ON-THE-JOB— Girdler engineers supervise 
and direct all phases of construction. When 
the job is completed, experienced operating 
engineers will start up the plant, train oper 
ating personnel, run acceptance tests, and 
supply complete operating data. 


Want More Information ? 


Girdler’s Gas Processes Division designs and 
builds plants for the production, purifica 
tion, or utilization of chemical process gases, 
purification of liquid or gaseous hydrocar 
bons, manufacture of organic 


compounds. Wrie for Booklet he 
G-35. The Girdler Corporation, 
Gas Processes Division, Louis- 


ville 1, Kentucky. District 
Offices: New York, Tulsa, | 


San Francisco. In Canada: JS 
Girdler Corporation of % 
Canada Limited, Toronto. 


. 
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p powder for tired oil wells 


How Celite 
filtration 
helps boost 
oil output 


To soost THE OUTPUT of “tired” oil wells 
bordering on the limit of economic production, 
profit-conscious operators inject water under ex- 
treme pressure into the porous oil sandstone and 
force out the accumulated oil. But first, they filter 
this repressurizing water with Celite* to remove 
the suspended solids which would eventually clog 
the microscopic pores of the sandstone, thus block- 
ing the flow of water. Al/ waters contain at least a 
trace of these troublesome impurities. 


Celite’s ability to do an exceptional filtering job 
can be attributed to these important factors which 
make it unique among filter aids: 

Carefully processed from the purest deposit of 
diatomaceous silica known, Celite is available in 
nine standard grades—each designed to trap out 


Johns-Manville 


suspended impurities of a given size and type. 
Whenever you reorder, you are assured of the 
same uniform, accurately graded powder received 
in your initial order. Thus, with Celite, you can 
count on consistent clarity in your filtrates—at 
highest rate of flow —month after month, year 
after year. 

The secondary recovery of oil by water flood- 
ing is just one of many processes in which Celite 
has provided the absolute clarity vital to a success- 
ful operation. The proper grade of Johns-Manville 
filter aid will assure you the same results — regard- 
less of the product or process involved. To have 
a Celite Filtration Engineer study your problem 
and offer recommendations, simply write Johns- 
Manville, Box 60, N.Y. 16. No cost or obligation. 


*heg. U.S. Pat. Of 


CELITE 
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PRECISION CONTROL 
FOR PROCESS HEAT 


with DOWTHERM, heat can be controlled within fractions 


of a degree at temperatures up to 750° F. 


» 


Dowtherm“", the modern heat transfer medium, 
maintains high temperatures within a fraction 
of a degree by simple pressure regulation . . . 
and gives this precise control uniformly over 
the entire process heating surface. 

\ liquid material used as a vapor heating me- 
dium in an entirely closed system, Dowtherm 
operates at high temperature, low pressure, and 
extends the advantages of steam-type heating 
to a much higher range of temperatures. 


Dowtherm was created by the Dow research 


team for the chemical, petroleum, paint, food 
and other process industries—has helped to 
increase production and even made possible 


new products, 


Countless installations in all industries have 
thoroughly proved the efficiency and cost re- 
ducing potentialities of Dowtherm. For com- 
plete information on these benefits and how 
they apply to your industry, write to THE 
bow cHemicar Company, Midland, Michigan. 
Department DO 3-1, 


you can depend on DOW CHEMICALS 
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Conkey Rotary Leaf Pressure Filters 
stay closed throughout operating 
cycle—you save on cloth and labor! 


dep 
process 

equipment 
built to 
fit your 


DIVISION Conkey Rotary Drum Vacuum Filter is a continu- 


ously operating filter for dewatering solids and 
washing solubles from accumulated solids. 


GENERAL AMERICAN TRANSPORTATION CORPORATION 
Sales Office: 10 East 49th Street, New York 17, New York 
General Offices: 135 South La Salle Street, Chicago 90, Illinois 
In Canada: Canadian Locomotive Company, Ltd., Kingston, Ontario 
bulletin on Filters OFFICES IN ALL PRINCIPAL CITIES 
Other General American Equipment: Turbo-Mixers * Evaporators * Dewaterers 
Towers * Tanks * Bins * Dryers * Pressure Vessels 
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to the processing industries 


You can now have 


TEFLON 


DIAPHRAGMS 


in HILLS-McCANNA daunders type 


Diaphragm Valves 


Now, for the first time, Hills-McCanna offers 
TEFLON diaphragms in Saunders type diaphragm 
valves. With its well known resistance to tempera- 
tures, acids, alkalis, etc., TEFLON should make it 
possible to efficiently and economically valve sub- 
stances that previously presented serious problems. 
These are full non-lubricated (not plasticized) 
TEFLON diaphragms, not merely a TEFLON facing 
applied to another material. If you have a valving 
problem that may be solved with TEFLON, we 
would appreciate having the opportunity to discuss 
it with you. Diaphragms are available for valve 
sizes 14" through 4"’. Write, wire or phone, HILLS- 
McCANNA CO., 2438 W. Nelson St., Chicago 18, Ill. 


HILLS-McCANNA 
saunders tyne diaphragm values 


ALSO MANUFACTURERS OF CHEMICAL PROPORTIONING PUMPS + FORCE FEED LUBRICATORS +» MAGNESIUM ALLOY SAND CASTINGS 
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PHARMACEUTICAL 
§ PROCESSING 
ASSEMBLY 


ACETIC ACID 


AND OTHER 
FEED CHEMICALS 


GLASSED STEEL CONDENSER 


GLASSED STEEL 
PIPE AND FITTINGS? A 


GLASSED 
STEEL 
COLUMN 


GLASSED 
STEEL 
REACTOR 


If you process with ACETIC ACID, you need 


the corrosion resistance of glass 
plus the working strength of steel 


For across-the-board corrosion resistance in processes 
using acetic acid, glassed steel is the most completely 
suitable material of construction available today. Glassed 
steel is fully resistant to dilute solutions of acetic acid 
up to the boiling point and to all other concentrations 
up to at least 300°F. Even at temperatures above 
300°F., glassed steel is sufficiently resistant to acetic 
acid attack to provide satisfactory, though not unlim- 
ited, service life. 

Other materials are, of course, also used for acetic 
acid, but for wide application all are limited either by 
size, pressure, temperature, impurities, fragility, or 
cost. Glassed steel knows ne such limitations. 

Pfaudler glassed steel is resistant to ail acids except 
hydrofluoric, even at elevated temperatures and pres- 
sures. With a new Pfaudler glass, it is possible to 
handle not only acids but also alkaline solutions up to 
a pH of 12 and 212°F. 


To give it working strength, Pfaudler glass is fused 
to steel in huge furnaces at temperatures of 1500- 
1700°F. This high-temperature firing locks the glass to 
the steel and makes it hard and tough. 

Pfaudler glassed steel reactors, in capacities from 
5 to 3500 gallons, for internal pressures as high as 
200 p.s.i., are commonplace in chemical processing 
today. These units are equipped with agitation, are 
usually jacketed, and are supplemented by a complete 
line of glassed steel pipe, fittings, and valves. Custom- 
built vessels as large as 8300 gallons, for severe 
chemical service, have been constructed. Glassed steel 
columns solve many serious corrosion problems. 

Whenever you have an equipment problem requiring 
corrosion resistance, durability, and versatility, as well 
as the economy which these features provide, look to 
Pfaudler glassed steel for the solution. 

Write for Bulletin 894-A-2, our new general catalog. 


PFAU DLER tne praupter co., ROCHESTER 3, N. Y. 


Engineers and fabricators of corrosion resistant process equipment since 1884 
Factories at: Rochester, N. Y.; Elyria, Ohio; Leven, Fife, Scotland; Schwetzingen-Baden, Germany 
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Opinion and 


A PROFESSIONAL ATTITUDE 


“The objects of the Institute are the advancement of chemical engineer- 
ing in theory and practice and the maintenance of co high professional 


tandard g i bers.” 


The newly elected officers and directors of the Institute are 
conscious of their obligation to pursue the objects thus set forth. 
We who have long observed the chemical engineering scene know 
that chemical engineers, as a class, do endeavor to advance the 
profession and to maintain a high professional standard. Many 
do so whether they are members of A.LCh.E. or not, but in the 
Institute we have an effective means for organizing our efforts 
and so make them count more than is possible by individual 
initiative. To take a simple example, each of us could accomplish 
relatively litthe by devoting a few dollars a year to a personal 
effort in publishing chemical engineering literature. By joining 
forces, we have created and we maintain the excellent publications 
through which a permanent chemical engineering literature is 
being collected and preserved. No one of us gets direct benefit 
from every item published by A.LCh.E. Our publications are a 
service to the profession, to industry,,to the nation and to the 
world. They involve not only modest money contributions from 
our members but also much devoted personal effort by many of 
them who organize symposia and solicit, write and review papers. 
Thus, through our publications we advance the profession and 
strive to create and maintain a high professional standard, This 


service is, in the best sense, a professional activity. 


It seems to escape some men (most of whom are usually pretty 
young) that a profession involves public service. A professional 
man, to earn the rating, must be “ready to apply his special 
knowledge for the benefit of mankind,” to use the words of Canons 
of Ethics for Engineers, to which A.LCh.E. subscribes. Through 
out our civilization, that which sets the professional man apart 
from another man is the ideal of service to his fellow man. This 
ideal is the reason why, among thoughtful men of all cultural 
levels, the truly professional man is respected and revered, 
even though he may not become wealthy through his professional 
work, Usually those pursuits which bring material wealth take a 
man further and further from true professional status. Some men 
simply stop thinking professionally; others adopt mew means for 
interesting themselves in public wellare and in aiding their 
profession. For example, a man who once devoted himself to 
basic research or teaching chemical engineers might become in 
volved in management work to an extent which would make him 
financially independent but of no direct, personal service to his 


profession or his fellow man. He might finance scholarships or 
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found a chair in chemical engineerin, or serve on a university or 
government board. As many do, such a man might well find new 
ways to interest himself in) public welfare, including active 


participation in the work of A.LChd 


In a professional society, such as A.LCh.E., there are oppor 
tunities for professional service tor all kinds of men who have 
common interests. The youngest chemical engineer, who may 
vet have little to offer, can accomplish a lot by participating 
the Institute’s work. Even if his only contribution is the toil he 
gives in exchange for the dues he pays, he is contributing in a 
way that multiplies his efforts. Whether the young man realizes 
it fully or not, these contributions are important and to a certain 
extent are at the professional level. Men who, with increasing 
age and experience, contribute personal time and effort to In- 
stitute work are being even more professional, In our ranks, 
numbering now more than 12,000, there is a tremendous potential 
for professional accomplishment. The measure of the success of the 
Institute administration in any year is the extent to which this 
huge potential is put to work for worthy professional objectives 
We must find men who think professionally to such an extent 
that they are willing to sacrifice their own immediate advantage 
for the benefit of the profession as a whole. Without flag-waving 
or expectation of personal recognition they want to help 

Fortunately, these greatly outnumber the few who seem to feel, 
quite sincerely, that our objects should be the social, economic 
and political advancement of the individual chemical engineer 
and the maintenance of a low professional standard among our 
members. That such sincere individuals do exist in our field 
is a sign that we need to exert ourselves more effectively to con 
vince them of the value and the justice of the professional position 


and to see that they are reasoning trom facts and not tallacies 


Save for a few people on the payroll of the Institute, the work 
done is on a purely voluntary basis. Many have found that a 
hard job well done in the Institute's program brings a sense of 
satisfaction hard to obtain otherwise. In national committees and 
particularly in our nearly filtv sections and almost a hundred 
student chapters scattered over the country, a large percentage of 
our members is actively participating in Institute work. In 1953 
Council aims to increase member participation and the tempo 
of Institute accomplishment. While we hope to do an increas 
ingly good job of utilizing the great member potential in work 
at the national level, we are conscious that a large and important 
job is to ie 


wcomplished by the members in the fifty sections 


operating in as many parts of the country 
W. 


President, 
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CUENTIVE 


KNOWTHE 
RESULTS 
before you buy! 


3 types of Lovisville 
Coolers 

e Surface Cooler 

e Water Tube Cooler 

e Atmospheric Cooler 


Louisville Cooler does 
Satisfactory job at low 
cost for nationally known 
chemical manufacturer... 


Louisville Surface Cooler has rotary | 
shell and external water sprays. 


.+- cooling lumpy calcined material from 1800° Fahr. to 150° Fahr, 
for further processing. Gentle mechanical handling required to 
minimize decrepitation. 

Each Louisville cooler is “‘job-fitted” to your special problem—to 
make your cooling operations effective—to assure dependability 
of performance that will make the cooler operation pay. 

Call in a Louisville engineer for a complete cooling survey. Based 
on his experience he will recommend one of the three standard 
Louisville types, a modification, or an entirely new design. The 
performance will be pre-determined. You'll know the results before 
you buy ... and the results must be better! Write for complete 
information today. 


Louisville Drying Machinery Unit 


DIVISION Over 50 years of creative drying engineering 


GENERAL AMERICAN TRANSPORTATION 
CORPORATION 


Other General American Equipment: Dryer Sales Office: 139 So. Fourth Street 


Louisville 2, Kentucky 


Turbo-Mixers, Evaporators, General Offices: 135 South La Salle Street, Chicago 90, Illinois 
Dryers, Dewaterers, Towers, Offices in all principal cities 


In Canada: Canadian Locomotive Company, Ltd. 


Tanks, Bins, Filters, Pressure Vessels Kingston, Ontario 
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MULTISTAGE EJECTORS 


for high vacuum 


7 ACUUMS that once were exclusive Development of multistage ejectors has kept pace with the trend toward 

to the laboratory are being increas- higher vacuums of various processes. As a result, practical operating 
ingly apphed to large-scale industrial range of multistage ejectors has been extended to below 50u. This paper 
processes. The trend in this direction discusses operating characteristics of ejector elements with emphasis on 
has led to design of multistage steam-jet multistage units. Design considerations for selection of suitable equip- 
ejectors to maintain high vacuum while ment are analyzed. Test methods for ejector equipment are described 
handling commercial quantities of gases with a discussion on limitations and utility of available instruments. 
and vapors. While single-stage ejectors 


have been in use many years, widespread 


use of four- and five-stage high-capacity 


high-vacuum units has been confined to 
the past 10 to 15 vears 

The part of the ejector in the vacuum 
industry can be better visualized when 


atmos 


one considers the great volume of gases 


and vapors handled by an ejector at low 
absolute pressure. For instance, a med 


ium-sized five-stage unit removing 20 


lb./hr. of water vapor from a system 


at 100m pressure is handling about 
50,000 cuft./min., or about 24,000 
liters /sec. The size and cost of mechan 


ical equipment to handle these volumes 
is usually prohibitive. In addition, ab- F 


sence of moving parts in an ejector re ’ 
sults in trouble-free operation with re 


sultant low maintenance costs. 


Set 


Figure 1 shows operating ranges of 


single- and multistage ejectors compared 
with other types of vacuum-producing 
equipment (7). Limits shown are based 


on economic and practical considera- 


tions. In systems where air leakage or ; 


release of gases and vapors is small or 
ibsent altogether, somewhat lower abso- 
lute pressures may be obtained with a 


particular unit. Fig. 1. Where vacuum equipment applies 


\ multistage ejector is a combination 


ot several single ejector elements so 


designed that operating ranges overlap 


to produce stability im the complete unit 


V. V. Fondrk is a product engineer with the Elliott Co, /!* operating characteristic of each 


ejector element is basically similar. To 
Jeannette, Pa. After graduation from the University of Pitts ierctand the operation of a multistage 


burgh in 1947 with a B.S. in chemical engineering, he joined = v"'t, therefore, one must understand the 
operating characteristics of a single 


Elliott Co. as a project engineer in the research and develop- 


-tage cyector 


ment department. For the past several years he has been 


Single-stage Ejector 
Characteristics 


engaged in assignments concerned with the design and appli- 


cation of process equipment. 


Figure 2 shows a typ il ejector per 
Vv. V. Fondrk formance curve at constant steam pre 
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Fig. 2. Typical ejector performance curve for constant-motive steam pressure. 


sure, 


at left, and to discharge pressure, at 
The capacity curve will be pro 
duced as long as system pressure at dis- 


right 
harge Is less 


pressure lor a 


If system back pressure exceeds maxi- 
mum stable discharge pressure for a 
given load, the unit becomes unstable, 
and capacity is no longer a function of 


suction pressure 


than maximum stable times may show a curve more nearly 
given suction pressure. vertical. This is undesirable and 
satisfactory, especially if the 


Unstable operation is 
usually characterized by bobble or fluc- 


tuation in suction pressure. 


The discharge-pressure curve in Fig- 
indicates that operation against 
higher system back pressures is possible 


ure 2 


In per cent of design conditions, 
capacity is related to suction pressure, 


unst 


3). 


stage. 


later. 


steam pressure is required, 
tem pressure at discharge, therefore, is 
such that it causes the ejector to become 


ably at higher capacities. 


For a fixed nozzle an increase in 
if the sys- 
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Fig. 3. Typical ejector performance curve with three different motive steam pressures. 


PERCENT DESIGN SUCTION PRESSURE 


at higher capacities for a given ejector 
This characteristic is important 
in multistage ejectors, as will be shown 
Poorly designed ejectors do not 
always show this characteristic and at 


curve 
bends back to cross the system-pressure 
line and causes the ejector to operate 


Maximum discharge pressures may be 
increased by raising steam flow (Figure 


PERCENT DESIGN SUCTION PRESSURE 
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unstable at lower capacities, stable oper- 
ation may be obtained by raising steam 
pressure. A clogged nozzle will have the 
same effect as lowered steam pressure. 

If a unit is operating stably, discharge 
pressure may be raised to a value above 
maximum discharge pressure given in 
the curves before becoming unstable. 
The point at which the unit becomes 
unstable is known as the break point. 
The unit will not return to stable opera- 
tion, however, until system pressure is 
reduced to the curve value. This point 
is called the pickup pressure. Operation 
in the metastable region between pickup 
and break points should be avoided, as 
momentary drop in steam pressure or 
rise in system back pressure may cause 
the unit to break, and it will not rees 
tablish the suction pressure when opera 
tion again becomes normal. 

For a given unit, capacity curves 
change somewhat with changing steam 
pressure, capacity being reduced 
increased pressure. 


with 
Reducing 
steam pressure below design value in- 
creases capacity until a point is reached 
where the unit becomes unstable and ca- 


steam 


pacity falls off rapidly. For single-stage 
units discharging to atmosphere, this 
increase in capacity is small, while for 


units operating at high vacuum this 
effect may be appreciable. 
A  single-ejector element works 


through a limited ratio of compression 
(discharge pressure divided by suction 
pressure), the limit being 
about 10:1, with the normal limit some- 
what less. If greater than 10:1 ratio 
is required, multistage design must be 
used, This 10:1 rule enables a simple 
check to be made on the minimum num- 
ber of stages required to produce a 
given suction pressure. Practical con- 
siderations of operating economy usually 
suggest a lower compression ratio than 


10:1. 


economic 


Multistage-ejector Characteristics 


The back-pressure and capacity rela- 
tionships discussed above are of basic 
importance in the design of a multistage 
ejector. The following illustration is 
for a two-stage ejector; however, simi- 
lar principles govern for any number of 
stages. 


Combination of operating characteristics 
of two ejector elements into a two-stage 
unit is shown in Figure 4. Capacity of the 
second (lower vacuum) stage is plotted in 
terms of load to the first (higher vacuum) 
stage, the actual load to the second stage 
being greater than the load to the first. 
Where the first stage discharges directly 
into the second, load to the second stage 
consists of first-stage load plus first-stage 
operating steam. This type of operation is 
called noncondensing. Where a surface or 
direct-contact type of condenser is placed 
between stages, first-stage operating steam 
and condensable gases in the load are con- 
densed, leaving only noncondensables plus 
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Fig. 4. Typical performance curves for a 


two-stage ejector. 


of saturation as load to the second 
This is called condensing operation 

From Figure 4 it is apparent that the 
second stage must maintain an absolute 
pressure which is less than the maximum 
pressure of the first stage; 
otherwise the first stage will become un 
stable, causing the first-stage capacity curve 
to fall off, as shown by the dotted curve 
In matching operating characteristics, it 1s 
found that maximum discharge pressure 
does not increase with load as rapidly as the 
suction pressure of the following stage 

This results in a point where discharge 
pressure and capacity curves cross and the 
umit becomes unstable. The poimt at which 
this occurs depends on design of the unit 
By building in greater capacity in the sec 
ond stage or greater back pressure in the 
first, the unit may be made to carry out 
over a greater range of capacity It should 
be remembered, however, that this is done 
by increasing steam consumption and also 
cooling water to condensers itt condensing 
units 


vapor 


stage 


disc harge 


$y similar matching of 
characteristics, a unit of any number of 


Present 


operating 


mav be designed. eco 
nomic and practical limit is five stages 
First high 
vacuum unit generally 
noncondensing operation, This is neces- 
sary since load and gases and 
vapors must be compressed to a pres- 
sure somewhat above the vapor pressure 


stages 


two stages 


in a 
are designed for 


one or 


motive 


of the condensing water to provide a 
temperature difference for condensation 
of vapors. Where quantities of air and 
other noncondensabie gases are present, 
the partial pressure of the vapors enter- 
ing the first intercondenser must be 
greater than the condensing-water par- 
tial pressure. Generally a five-stage unit 
will have the first two stages noncon- 
densing, although occasionally the water 
available is cold enough to permit use 
of a condenser between the second and 
third stages. Four-stage ejectors usually 
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Pressure Millimeters of Mercury Absolute 
Fig. 5. Steam and condensing water rates for 


four-stage ejectors 


operate with the first stage nonconden 
ing. Where two stages are operated 


noncondensing, the third-stage load cor 


sists of the sum of load plus operating 


steam from the first stage plus operatin 


steam from the second stage 


Stages operating with suction pre 


sures below 4.67 mm. absolute, the triple 


point for water, are provided with 
steam-heated diffusers to prevent forma 
tion of ice in the diffuser. In addition 


steam nozzles must be of a special ce 


sign to prevent treezing 
Design Considerations 


An engineer designing a high-vacuun 


process has control of several factor 
that will determine the original and 
operating cost of ejector equipment a) 
great importance is elimination of an 


to 
air 


leakage into the system. In 


being a direct load on the ejectors, 
leakage, through partial-pressure effects, 
causes greater carryover of product be 
ing processed, thus further increasing 
the ejector load. In some cases the loss 
in product may be of importance 
Condensing water is of particular im 
portance in design of ejector equipment 
t always costs less to condense vapors 
and pump the liquid condensate to at 
mospheric pressure than to try to com 
press the vapors to atmospheric pres 
sure. Not only are load vapors con 
densed, but in multistage units operating 
steam can be knocked out, thereby de 
creasing load carried by following units 
As pointed out before, maximum con 
densing-water temperature will deter 
mine the in 
condensation is possible. In spite of the 


stage which compression 
foregoing, it is generally uneconomical 


to provide brine or refrigerated water 


= 


| 
- 
BE 
2) 
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Pressure Millimeters of Mercury Absolute 


Fig. 6. Steam and condensing water rates tor 


five stage ejectors 


for condensing 

W ater temperatures affect operating 
economy to a great extent. This 1s 
shown in Figures 5 and 6, where tigures 
for steam and condensing-water require- 
ments per pound of air load tor four- 
and five-stage units are given tor sev- 
eral water temperatures. Figures shown 


are based on average conditions and 
will vary somewhat for specific installa 
tior Where load gases are part vapor 
or all v por { ind therefore can be con 
densed along with operating steam im 
the first intercondes ef team-con 
sumption figure will be somewhat 
lowe! 

It will be noted in Figures 5 and 6 
that operating range ior multistage 
units overlap to some extent. There ts 
a maximum number of stages tor max 
mum ethcrency at any given pressure 
A five-stage unit will normally require 
less steam and water than a iour-stage 


unit for equal suction pressure and will 


have an appreciably lower shut-off pres 


sure llowever, as can be seen on the 
curves, a pont ts reached where a four 
stage unit actually requires less steam 
than a five-stage unit. This is a result 
of the inherent losses between Stages of 
a multistage unit. Similar overlapping 
occur ior om two-, and three-stage 
units. 


Water requirements shown in Figures 
5 and 6 can be varied in a particular 
design depending on availability of the 
water. Normally 
tion is made using actual costs of steam 
and Where is relatively 
plentiful, increased condensing water 
will result in lower steam requirements 
The water 


scarce, 


an economic evalua 


water. water 


reverse is true where is 


Waste disposal is an increas 
factor 


ingly important however, since 


Page 5 


me 
_ 
| | 


cost of treating water for disposal may 
be a factor in determining quantities of 
condensing water that may be used. 
Table 1 shows several possible combina 
tions of water and steam for a specified 
operating point. 

TABLE 1. POSSIBLE COMBINATIONS OF 
STEAM AND CONDENSING-WATER CON 
SUMPTION FOR AN EJECTOR HANDLING 


1000 Ib br. OF WATER VAPOR AT 5 mm. He 
ib WITH WATER AT To°F 


Condensing water 


Steam, tb. hr gal. min 


1200 
i500 900 
4100 570 
4800 440 
440 


Types of Condensers. Choice of sur- 
face— or direct-contact-type condensers 
for intercondenser service depends on 
needs of the process under considera 
tion. 


Where it is necessary t. recover 


condensed vapors uncontaminated — by 


condensing water, from 


mnportance, or 


where heat 
operating steam is of 


where cireulating-water contamination 
must be avoided owing to state or muni 
cipal laws, surface-type intercondensers 
are required. Surface-type intercon 
densers not only require more water, but 
water used must be relatively clean. 
Direct-contact condensers, on the other 
hand, normally require smaller quanti 
ties of condensing water, and, because 
water passages are relatively large, dirty 
water may be used. In addition to high 
original cost, surface-type units will 
generally require greater maintenance 
costs. Because of better cooling of non- 
condensable gases and subsequent reduc 
tion in load to following stages, use of 
direct-contact condensers will result in 
slightly lower steam requirements. 
Direct-contact condensers may be 
either of the barometric o1 
type. 


low-level 
The barometric type requires a 
water leg of 34 ft. for water removal, 
while the low-level type utilizes a pump 
for removal of condensate and cooling 
water. The barometric type is prefer 
able because of lower maintenance costs. 
In addition, failure of pumping equip 
ment on the low-level type will result 
in flooding of the entire system, an im 
possibility with the barometric type. 


Pressure. Seasonal variation in con 
densing-water temperature may provide 
an opportunity for considerable savings 
in steam consumption. Ejector equip- 
ment is normally designed fur stable 
operation with maximum expected water 
temperatures. Stages discharging to 
intercondensers are designed for a max 
pressure which ts 
higher than the vapor pressure corre 
sponding to maximum water tempera 
ture. When colder condensing water is 


discharge 


available, correspondingly lower vapor 
pressures permit operation of the con 
denser, thereby 
charge, at lower 


the ejector dis 
pressures. As was 
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pointed out before, maximum discharge 
pressures may be changed by changing 
steam pressure (Figure 3). With lower 
pressure available in the intercondenser, 
operating steam pressure of the stage 
discharging to the intercondenser may 
be reduced. Since steam flow is a direct 
function of absolute steam pressure, re 
duced steam flow is obtained. Oversize 
secondary ejectors must be provided 
however to operate at the lower booster 
condenser pressure. Throttling is pro- 
fitable only when the load is largely con 
densable 

The reduction steam pressure 
possible for a given reduction in water 
temperature may be determined — by 
slowly reducing steam pressure until a 
bobble is noticed in the suction pressure 
of the stage under consideration. By 
slowly raising steam pressure until the 
bobble disappears, minimum steam pres 
sure is This should be 
recorded along with water temperature. 
Actual steam pressure should be slightly 
higher than minimum to allow 
margin of safety 


determined. 


some 
over fluctuations ‘in 
steam supply pressure. 

It is usually possible to obtain minj- 
mum steam pressures and corresponding 
water from the ejector 
manufacturer. In fact, in many cases 


temperatures 


eyectors are designed for seasonal var- 
iation in water temperature, and effect 
of reduced steam pressure on ejector- 
discharge pressure is determined on test. 

The discussion on variable water tem- 
perature, above, applies to any con- 
denser serving ejector equipment except, 
of course, aitercondensers, which are 
vented to atmosphere. While it is pos- 
sible, therefore, to throttle steam pres 
sure of any stage discharging to an in- 
tercondenser, practical aspects usually 
limit this reduction in steam flow to the 
stage discharging to the first (lowest 
absolute pressure) intercondenser. The 
reason for this is that stages and inter 
condensers following the first intercon 
denser usually have small steam flows, 
and the savings are not worth while. 
The stage discharging to the first inter 
condenser, however, normally has the 
consumption, This is 
especially true in four- and_ five-stage 
units where this stage is loaded by oper 
ating steam from the first or first two 
stages. 


greatest steam 


Reduction in steam flow may 
amount to as much as 40% of the total. 
Where water temperatures reach max 
imum value for only short periods of 
time during the vear, throttling steam 
pressure will result in an appreciable 
savings. 

It was mentioned before that capacity 
curves change somewhat with changes 
in steam pressure, the change being 
more pronounced at low absolute pres- 
sures. This operating characteristic can 
be made useful where ejectors are serv- 
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ing a batch process which requires high 
vacuum near the end point of the proc- 
ess, while at the same time release ot 
gases and vapors is at a minimum. Fig- 
ure 4 shows that at low loads the second 
stage of a multistage ejector normally 
maintains first-stage discharge pressure 
considerably lower than is required for 
stable operation. This again, 
that steam pressure may be throttled on 
the first stage. As steam pressure ts 
reduced, capacity increases ; 


means, 


or, at con- 
stant load, suction pressure decreases. 
The magnitude of these changes is de- 
pendent on the particular equipment and 
system involved and must be determined 
by trial. 


Test Methods and Instruments 


To obtain complete performance in- 
formation for a multistage ejector re 
quires two types of test. The simplest, 
and usually the only one that can be 
conveniently performed in the field, con- 
sists of a performance test of the com- 
plete unit. For this test, measured 
quantities of an available gas, usually 
air or steam, are permitted to enter the 
first-stage suction, and corresponding 
These data 
result in a capacity curve for the entire 
unit. 


suction pressure is noted. 


Maximum - discharge - pressure 
curves cannot be determined without 
special equipment since, with the excep 
tion of the last stage, all discharge pres- 
sures are fixed by the stage following 
the one under consideration. Therefore, 
the interstage pressure does not indicate 
the maximum discharge pressure 

Where more information is required, 
capacity and maximum-back-pressure 
curves are obtained for each stage. Nor 
mally this is done in the factory by plac 
ing a valve in the ejector discharge so 
that back pressure may be varied. An- 
other method is to artificially load the 
following stage by bleeding steam into 
the suction and by this means to vary 
the pressure. Suction pressures and 
maximum stable discharge pressures are 
determined for several different meas- 
ured loads and curves of the results 
plotted. Data obtained from an indi- 
vidual stage test can be combined, as 
shown in Figure 4, to determine per 
formance of a complete multistage unit. 

To obtain useful operating data on 
any ejector equipment requires accurate 
test instruments. Where ideal conditions 
exist, such as in a laboratory, many ex 
cellent instruments are available. Un- 
fortunately, these are not alway 
able for field) work in 
installations. 

To be suitable for field work a vacuum 
instrument, besides possessing some de- 


ybtain 
commercial 


gree of accuracy, must meet the follow- 
ing specifications : 


1. Portability. 


January, 1953 


% 
te 


™= 


2. Sturdy construction. 
3. Stable calibration. 
4. Continuous reading. 


Calibration independent ot proper- 
les Of gas or vapor measured, 


For pressures down to about 0.5 in 
of mercury absolute, the usual range of 


single- and two-stage ejectors, the met 
cury manometer proves very satisfac 
tory. From about 1 to 15 mm., covering 
three- and four-stage units, a di-n-butyl 


phthalate manometer, with one leg con 
nected to a vacuum pump as reteretce, 
The 
leg pressure in this case is measured by 
t portable McLeod gage. For pressures 


has proved acceptable. reference 


below 1 mm., special techniques are re 
quired, 

Of the various gages available for use 
below none completely meet con 
The Pirani or 
hot-wire type of gage shows a lack of 
stability 


mm., 
ditions specified above. 

for the zero point. lonization 
ga far from portable, requiring 
considerable equipment. In 
addition, frequent calibrations are neces 
sary. The McLeod gage does not give 
continuous readings and requires a spe 
cial set-up for condensable vapors, Trou 
ble ts sticking 
mercury. 


res 


are 


electrical 


also experienced from 


It should be remembered in 
measuring ejector vacuum, moisture is 
always present. Even when the first 
stage is handling dry gases, there is 
some back diffusion of moisture from 
the steam jet. This usually results in 
constantly varving amounts or percen 


tages of moisfure in the gas to be meas 
\s a result, gages which depend 


ured. 


on constant gas properties for calibra 
ton cannot be accurately used. The 
McLeod gage suffers further in this re 


spect since tt cannot be used with con 


densable vapors. This problem is elim 


inated through use of a dry-ice trap to 
the 


measured point and instrument and by 


condense water vapor between 
ysing the Columbia modification of the 
McLeod gage. The 


tion permits several diffe 


Columbia moditica 
rent 
known volume of ga 
the 
each compression the presence of con 


compres 
sions of the in the 


gage. observing readings for 
densable vapors may be determined by 
noting any abrupt change in readings 


Readings showing condensable vapors 


must be discarded. 

The field test method outlined above 
while far from satisfactory, adapts itself 
to commercial ejector testing. Data ob 
tained the fa 
tory are used not only to prove guaran 


from tests conducted at 


tees, but also to provick valuable design 
data, which is used in the constant ef 


fort to improve equipment. 


Conclusion 


The ejector 
rather 
characteristics which must be well wu 


while appearing to be a 


simple device, has operating 


derstood to permit maximum use and 


consideration ot de 


stable 


economy. Proper 


sign factors will ensure a eco 


nomical unit 
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Discussion 
G. J. Crites (Stokes Machine Co., Kiver 
ton, N. J.): When something goes wrong 
with the operation of a multistage ejector 
is it possible to diagnose reasonably the 


trouble without a lot of mstrumentation 

V. V. Fondrk: The general procedure ts t 
start at the last or highest absolute pressure 
stage and place m operation one stage at a 
time, working back towards the first stage 
When a fluctuation m suction pressure 1 
noted, or when the operation of the addi 
tional stage results im no appreciable im 


ovement in vacuum, the source of trouble 


is indicated. Either the stage just placed » 
operation is not developing sufherent dis 
charge pressure (possibly clogged nozzle) 
r the following stage has imsuthcrent ca 
pacity The latter condition may result 
from overload of this stage through faulty 


operation of the mtercondenser, where on 


is used 

E. L. Piret ( University of Minnesota, Min- 
neapolis, Minn): understand that these 
cjectors have been proposed as meters tor 
the measurement of small air flows. Could 


you tell us something about their use tor 
h 

V. V. Fondrk: Your comments also apply 
to epectors handling large quantities of ai 
An ejector, provided it is not m such serv 
ice that the diffuser ts constantly corroding 
will maintain a constant capacity-suction 
pressure relationship. The ejector charac 
teristic curve may be obtained trom the 


manufacturer or a calibration made at the 


installation, using measured quantities o1 
aw oor the actual load gases Once the 
suction-pressure-capacity relationship — ts 


established, a suction-pressure measurement 


will indicate the quantity of gases the ejec 
tor is handling 

Presented at hres Lick 
(/nd.) Meeting 


The 


More excerpts from the talks given at the 
recent Centennial of Engineering are here repro- 
duced, to keep alive the thinking and enthusiasm 
which marked that historic gathering of engi- 


neers. (See also page 21.) 


The Clear Past 


$s American state universities came into 
being with the laying of the cornerstone 
of the University of North Carolina in 
1793. The first student Hinton 
James who became a civil engineer. He 
entered the University early in 1795, 
was graduated in 1798, and left in a 
“record book” the titles of original and 
“exceptionally meritorious” 
tions that he presented on Saturdays. 
Little is known of subjects he was 
taught as a student; but the titles of his 
original show that he 
learned science, business, and economic 


Was 


compost 


compositions 


—sound preparation for civil 


geography 
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First Hundred Years 


his dav. Later he became 
Robert 
rulton on navigation work, and super 
work ter the 


engineers ol 
assistant to engineer 
intendent oft 
Cape Fear River. 

In America, where so many men have 
state 
ing to note that the first was to graduate 


entered universities, it is imterest 
and become a good ewil engineer 
History of Engineering Education 


Frederic T. Mavis 


Engineering—Its Definition 
The 
lem of the engineer is always essentially 
the same, regardless of the particular 
field of human action to which he turns 
his attention. His task is to make pro 
duction as efficient, as unfailing and as 


prob 


easy as possible. 
The Machine Age of Farming 
Robert P. Messenger 
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The Dim Future 


3 The American people have learned to 
do many thing We 
are going to have to learn to keep things 
til! the 


the expensive way 


simpler and perform essential 
tunctions 
Looking Ahead in Engineering Education 


S. C. Hollister 


The Engineering Environment 
3 W hile 


in applied research there is a 


industry is interested mainly 
growing 
screnti fie 


need in its investigations to 


become involved in basic science. There 
fore, even closer cooperation with col 
leges, the climate of which in the past 
has been best for ‘pure’ research, should 
result to the benefit of the educational 
processes ol both college and industry 
Education Engineer's Lifetime Job 


Ralph L. Goetzenberger 
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Altitude Test Facilities for Aircraft 
Engine Research 


() NE of the largest gas-evacuating 
systems in the world is operated 
by the Lewis Flight Propulsion Labora- 
tory of the National Advisory Commit- 
tee for Aeronautics. The aircraft-engine 
research program of the N.A.C.A. had 
a modest beginning in 1920 with four 
single-cylinder test bedplates located in 
an aircraft hangar at Langley Field, 
Va., and some of the first investigations 
were performed on Liberty engine cyl- 
inders assembled with parts 
from scrap. Engine research facilities 
at Langley Field were increased to eight 
single-cylinder bedplates and one multi 
cylinder bedplate, in 1934. It was soon 
realized that in order to keep abreast 
of the rapidly expanding aviation re- 
quirements, new and larger test facilities 
were necessary. Consequently, design 
was initiated in 1940 and construction 
was started on the Lewis laboratory 
at Cleveland, Ohio, in 1941. Although 


salvaged 


the Lewis laboratory was designed for 
research the 
advent of the jet engine required facili 
ties continually transformed in light of 


on reciprocating engines, 


present requirements, and today’s 
search centers on full-scale and compo- 
nent parts of rocket, turbojet and ram- 
jet engines, as well as research in the 
fields of higher temperature materials, 
lubricants, and engine fuels. 

This paper describes various methods 
of aircraft-engine testing and explains 
necessary for 
Reasons are 
given for the selection of the three basic 
types of altitude exhauster used at the 
Lewis laboratory (reciprocating, rotary 
lobe, and centrifugal), certain limita- 
and of the 
operational problems encountered. The 
method of control and regulation is also 
discussed. 


why altitude facilities are 


research investigations. 


tions of each type, some 


Jean N. Vivien, starting as a marine engineering cadet, 
advanced through operating positions in industrial and utility 
steam power plants. Returning to college after eight years 
as an operator, he was awarded a B.S.M.E. by Tri State 
College in 1944 and then joined N.A.C.A., Lewis Flight Pro- 
pulsion Laboratory as a mechanical engineer. Engineering 
work associated with design and operation of air and gas 
conditioning, pumping, piping, vacuum systems and related 


installations have become Mr. Vivien’s specialty. 


He is 


presently supervising engineer of the process systems engi- 


J. N. Vivien neering section. 


After graduation from Purdue University with a B.S. in 
mechanical engineering in 1942, Bruce R. Leonard served 
in the U. S. Navy as an aviation ordnance officer until 1946. 
He was then engaged at the Boeing Aircraft Co., Seattle, 
Wash., in design and test engineering on the Stratocruiser, 


the B-47 and the B-52 bombers. 


In 1947 Mr. Leonard was 


employed at the Lewis Flight Propulsion Laboratory, Cleve- 
land, where he is head of the Installation Design Unit which 
designs and installs various research projects, most of which 


require vacuum facilities. 


B. R. Leonard 
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Altitude facilities in 
duplicate conditions of pressure, tem 
perature, and speed that are en 
countered by an aircraft in flight. Fig 
ure 1 shows how pressure and tempera- 
ture decrease as altitude increases. The 
chart shows that air pressure constantly 
decreases from 14.7 lb./sq.in.abs. at sea 
level to 3.5 Ib./sq.in. at 35,000 ft. In 
like manner, air temperature diminishes 
from an N.A.C.A, standard of 59° F. at 
sea level to —67° F. at 35,000 ft. From 
sea level to 35,000 ft., the pressure and 


the laboratory 


temperature curves follow a similar pat 
tern; however, above 35,000 ft., the sim1- 
larity ceases to exist. As the altitude 
increases above 35,000 it., the pressure 
100,000 
whereas 


continues to diminish until, at 
it., it reaches 0.2 Ib./sq.in.abs. ; 
the temperature remains substantially 
constant, at —67° F., 35,000 to 
100,000 ft. Air that is supplied to a test 
engine in the laboratory does not neces 


from 


sarily follow the curves shown in Figure 
1 since both the pressure and the tem- 
perature of the air entering the engine 
are increased by the speed of the air- 
plane. For example, an airplane at 
35,000 ft., flying at twice the speed of 
sound, produces a compression effect on 
the air entering the engine. This results 
in a pressure rise from 3.5 to 27 Ib. 

sq.in. and a temperature rise from —67 

to +250° F. Consequently, speed as well 
as altitude must be considered when test 
air conditions are being selected. 


Testing Methods 


Engines are tested at the Lewis labo- 
ratory by various methods. One method 
is flight testing, where the engine to be 
tested is mounted on an airplane and 
taken aloft so that operational charactet 
istics may be studied under actwal flight 
conditions. Flight research date at very 
high speeds are obtained by dropping 
test-engines from the airplane, and re 
data are telemetered to mont 
toring stations on the ground. High- 
speed data are often obtained in this 
manner; however, drop testing is not 


search 
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Variation of atmospheric pressure and 
temperature with altitude 


Fig. 1 
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used extensively, because a test engine 
is destroyed with each drop, and the 
results are not easily reproduced. 

Another method, ground-static test- 
ing, consists in mounting an engine in 
a test cell and using no combustion air 
or exhaust facilities other than the sur- 
rounding atmosphere. Each of these 
methods has a definite place in research 
on aireraft engines, and the N.A.C.A., 
the military services, and others are 
using these methods today in their 
proper range of application. 

The most extensive research can be 
conducted using a system wherein condi- 
tioned-air and -exhaust facilities may be 
furnished to a complete engine, or com- 
ponent parts in a wind tunnel or altitude 
chamber. An installation of the latter 
type is illustrated by the cycle diagram 
in Figure 2 which shows schematically 
a full-scale test engine housed in an alti- 
tude chamber with the inlet-air and ex- 
haust-piping systems. The curves plot- 
ted beneath the piping diagram show 
the range of the principal system pres- 
sures and temperatures. 


Starting on the left-hand side of the dia- 
gram, atmospheric air is usually compressed 


Fig. 4. Axial-flow compressor test installation 
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to 50 or 112 in. Hg abs., with a resultant 
temperature rise of 142° or 360° F., respec- 
tively. The compressed air is first cooled 
in the compressor aftercooler to 100° F. 
and then may be further cooled to —70° F., 
it desired, by means of a large ammonia 
refrigeration system, before it passes 
through a shut-off valve, which is operated 
trom a central control room. The air then 
enters the test-cell area. The research engi- 
neer controls the throttle valve to set the 
desired flow and the temperature controller 
where a particular altitude and flight-speed 
temperature are duplicated by reheating 
This conditioned air is then supplied to the 
engine. The exhaust gas leaves the engine 
at a maximum temperature of 3500° F. The 
combustion air is passed through the engine 
with a minimum temperature rise during 
calibration testing when no combustion 
takes place. The exhaust pressure varies 
from 3.4 to 30 in. Hg abs. as it leaves the 
engine. The gas then enters a primary 
cooler, from which the exit  temper- 
ature ranges from 40° to 600° F., passes 
through the back pressure or regulating 
valve, and is further cooled to 125° F., or 
less, before entering the exhausters. Finally 
the gas is discharged to the atmosphere 


Examples of Research Installations 


The use of altitude facilities mav be 
illustrated by four typical research in 
stallations found at the Lewis laboratory 


Figure 3 is a photograph of a full scale 
engine installed in the altitude chamber that 
is shown schematically in Figure 2. The 
hatch, which is shown in the open position, 
is closed and bolted before the test 1s 
started. Compr ssed air at the scheduled 
pressure and temperature is supplied 
through the bulkhead on the left. It then 
goes through the air inlet of the engine, 
the compressor section, the combustior 
chambers, the turbine, and out the tail 
pipe. The exhaust gas is removed to the 
right by the laboratory exhauster system 
which is capable of evacuating this tank t 
simulate altitudes of over 60,000 ft. 

Research problems often concern the 
component parts of the engine. Figur 
4 shows a large multistage axial-tlow 
compressor from a_ turbojet = engine 
driven by a variable-frequency 15,000-hp 
motor. Conditioned air is supplied through 
the surge chamber shown on the lett, and 
discharges into the two vertical pipes ove: 
the compressor 

Figure 5 shows a single combustin 
chamber setup where combustor operatior 
may be studied using only one of the sey 
eral combustors that normally power a) 
engine. Laboratory systems supply air at 
the left and remove exhaust gas at the 
right, and in order to make the results ap 
plicable to the engine conditions, the ai 
supplied to the combustion chamber ts 
heated and compressed to stimulate the 
action of the engine compressor, The 
heated gas discharged from the burner 1s 


Fig. 3. Altitude chamber mounting of full-scale turbo-jet engine 
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Fig. 5. Single combustor research setup 


Fig. 2. Altitude test flow diagram. 
™~ 


also subjected to the same conditions as 
those encountered in flight 

A typical turbine research installation is 
shown in Figure 6. Heated, compressed ait 
is supplied to a full-scale turbine through 
the overhead pipes, and the turbine dis 
charges into a large pipe in the background 
Mounted to the right of the turbine is an 
absorption dynamometer 

Figure 7 is a diagram of the altitude 
wind tunnel located at the Lewis labora 
tory where full-scale engines are operated 
under simulated flight conditions. The en 
gine may be mounted in a wing or fuselage 
section, and study made of the aerodynamic 
conditions around the engine as well as 
through it. 

Air ts circulated within the tunnel at any 
desired speed up to 500 miles/hr. by the 
ian shown in the upper left corner of the 
tunnel. Refrigeration equipment, located in 
the building shown to the right, operates 
with tunnel heat exchangers to lower the 
tunnel temperature to the altitude require 
ments. The exhausters that evacuate the 
tunnel are shown in the lower left of the 
diagram. Pressure in the tunnel is adjusted 
hy varying the number of exhausters in use 
and by throttling the make-up air. The 
make-up air requirements of engine com 
bustion are supplied through the air-drying 
equipment 

Funnel conditions of speed, pressure, and 
temperature are set during operation. The 
system is balanced so that while make-up 
combustion air is supplied ahead of the en 
gine, the products of combustion are re 
moved to the rear of the engine through the 
exhaust scoop. From the exhaust scoop, 
products of combustion are cooled and sent 
through the exhausters which discharge to 
atmosphere. The exhaust equipment is cap- 
able of evacuating the entire tunnel to 1.7 
lb./sq.in.abs., and the refrigeration system 
can reduce the air temperature to —67° F., 
which duplicates atmospheric conditions at 
50,000 ft. above sea level. 


There are over 100 test installations 
at the Lewis laboratory, similar to those 
deseribed, that are served with combus- 
tion-air and altitude-exhaust facilities. 
Careful thought is given to scheduling 
and dispatching of the facilities to obtain 
the maximum economy of test time. 


Vacuum Systems 


In general the main vacuum or alti- 
tude-exhaust systems at the Lewis labo- 
ratory have been integrated by means ot 
interconnecting piping so that machines 
of different types and capacities may be 
operated in parallel and /er in series for 
maximum capacity and minimum pres 
sure, or separately for maximum system 
tHlexibility. 

Machinery now in use contains large 
scale representatives of several common 
commercial types. There are reciprocat- 
ing machines rated at about 51,000 cu. 
it./min. each, rotary-lobe-type exhaust- 
ers ranging to 24,000 cu.ft./min. each, 
and centrifugal equipment ranging from 
30,600 to 275,000 cu.ft. /min. in capacity. 

The first research facility to be com- 
pleted for use in the early 1940's was 
the altitude wind tunnel. The require- 
ments of this tunnel were set up in the 
light of reciprocating aircraft engines. 
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Fig. 6. Turbine power test setup 
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Fig. 7. Schematic diagram of altitude wind tunnel 


The design point of the tunnel was set 
at a 30,000-ft. ceiling corresponding to 
an absolute pressure of 8.8 in. Hg abs. 

The pressure drop through the ducting 
to the machine suction was of the order 
of 1 in. Hg at the maximum altitude. 
Also, some discharge losses occurred 
through the piping and the muffler. 
Hence, the exhausters had to pump from 
a suction pressure of about 7.5 in. Hg 
abs. to a discharge pressure of about 30 
in. Hg abs. Pressure ratio under these 
conditions is 4. Approximately 200,000- 
cu.lt./min, capacity was required to 
handle the planned engine range. 

It was found at the time the design 
work was in progress that reciprocating 
machines could be delivered sooner than 
other types and were also most econom- 
ical under the particular requirements of 
this installation. Accordingly, four re- 
ciprocating machines were installed in 
the initial exhauster group at this loca 
tion. Figure 8 shows operating charac- 
teristics of these machines, and Figure 9 
is a photograph showing the general ap- 
pearance of the machines. 

Other reasons favoring selection of 
reciprocating machinery may be listed as 
follows : 

1. Although the tunnel-design point was 


fixed at 30,000 ft.. some data were 
needed at higher altitudes. Theretore, 
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exhausters that could handle pressure 
ratios as high as 8 were considered 
desirable. The reciprocating exhaust- 
ers offered this advantage over other 
available types. 

2. Special automatic 
largely be eliminated 

3. Rotary-lobe-type positive displacement 
compressors have many of the advan 
tages of the reciprocating machines, 
but the large capacities required would 
have resulted either in many smaller 
size units or in larger machines for 
which design and operating experience 
was lacking. 

4. Some design and operating experi 
ence was available tor reciprocating 
machines as steel-mill blowers in the 
50,000-cu.it./min. class 


controls could 


Operating experience with this instal 
lation has been favorable 
during the eight vears it has been in 


operation, In common with most of the 


reasonably 


facilities at the Lewis laboratory, it was 
not long before aircraft-engine research 
requirements were such that higher 
altitude testing in the altitude wind tun- 
nel became desirable, and the recipro- 
cating exhausters were called upon to 
deliver higher vacuums than originally 
specified. 

The increased vacuums imposed 
greater forces on the machines, and ad- 


ditional care and maintenance became 
The higher discharge tem- 
peratures made proper cylinder cooling 


necessary. 
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Fig. 8. Reciprocating exhauster performance 


Fig. 10. New 


and lubrication more difficult. Study ot 


the operating difficulties resulted in an 
auxiliary oil system for starting and in 
lubricant changes that brought mainte 
nance to a reasonable level. 

Recently it became possible to replace 
the original wartime 60-in. diam. cast- 
iron pistons of these machines with an 
aluminum alloy. The pistons weighed ap- 
proximately 4000 Ib., and this weight 
was reduced to approximately 1400 Ib 
when the cnient 
made. The weight has 
sulted in decreased maintenance as well 


rep! was 


reduction 


eviinder 
re 


starting. 


as CasieT 
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wind-tunnel 


exhausters 


the exhaust 


pacity of the altitude wind tunnel is be 


Ca 


At the present time 
ing increased by approximately 75¢ 
by the addition of 
Reciprocating machines have again been 
selected for the installation. In this cas« 
the multithrow crank 
shaft arrangement with more cylinders 


more machines 


machines use a 
and are more compact than that of the 
original four machines. 

The new machines, of which there are 
three, of cylinders ar 
ranged as shown in Figure 10. Displace 


consist eight 


ment of each machine is approximately 
50,000 cu.ft. /min. 
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Rotary Exhausters 


While work on the altitude wind tun 
nel was in progress, another test facility, 
called the Research Building, 
was under construction, Somewhat dif 
ferent in purpose from the altitude wind 
full 


Engine 


tunnel, this building housed a few 
scale and a number of small-engine and 
engine-auxiliary test stands. Exhaust 
from each of the many test installations 
was ducted to a main header collection 
system and then through exhausters to 
the atmosphere. Some idea of the extent 


11 


and 12, where control-room panels out- 


of this system is shown in Figures 


line the system schematically 


variation 


tovether 


of a wide 
haust-gas loads 
with a need for separation of loads dur- 
ol 


Was some 


Because 
anticipated, 
simultaneous operation several 
there 


number ot 


ing 
smaller test installations 
advantage to greater 
smaller exhausters as opposed to a few 
large units. 

In addition to load consideration 
altitude ot 
set higher than that of the 


Therefore, the 


the 


original design point this 
system) Was 
altitude tunnel 


machines had to handle higher pressure 


wind 


ratios. 

Specified research load conditions 
could be met Sy exhausters with a total 
capacity of 120,000 ecu.ft./min. and a 
pressure ratio of about 10. This pres- 
sure ratio was too great tor ethcient 
single-casing compression with any type 
compressor readily available at the 


time, so that reciprocating, centrifugal, 


or rotary each were on a 
relatively equal footing in that respect. 

The fact that the would 
carry large quantities of free monsture 
(due to the wet-spray exhaust-gas 
ers proposed for test stands) gave tay 
to the 


machines operate 


compre ssors 
exhaust gas 
cool 


orable consideration rotary ma 


chines. Rotary well 


with wet gas since free water is useful 


in providing retor cooling and sealing 
In the « ot both 


centrifugal compressor how ever, mots 


ast reciprocating and 
ture-laden gas creates undesirable oper 
ating conditions that necessitate instal 
lation of good separators at the machine 


uction 
Bids were taken on both centrifugal 
and rotary positive-displacement ex 


with over-all imstallation cost 


the 


hausters 

machine 
thi 

rated 


finally favoring rotary 
There 

location 
23,500 
12.000 


\ general installation diagram of one 


ire six rotary machines at 


Four of the machines are 


min. each and two at 


min. each 

of these machines is shown in Figure 13 
and a typical performance curve in Fig 
14. One 


two-stage operation 


ure rather unique feature of} 


this type 


ol 


with 
installation is the self-regulation of the 


loads on each stage by the check-valv« 
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arrangement at the suction to the second 
stage. Since these are positive displace- 
ment blowers operating at a fixed speed 
and essentially a constant pressure ratio, 
suction conditions are often such that 
the first stage alone is sufficient to pump 
the exhaust gas to the atmosphere. 
When this happens, the second-stage 
by-pass check-valve opens. 

Load regulation on these machines 
may be accomplished by opening a by- 
pass valve on the first stage or by 
admitting make-up air through — the 
atmospheric bleed-in valve. The combi- 
nation of the two control components 
allows good regulation with a pneu 
matic-pressure-regulator system. 

The rotary exhausters operate with a 
constant supply of water to seal the 
clearance between the rotating lobes 
and the stator ends, the pressure seals 
formed between the lobes of the rotors 
and the cylinder surfaces of the casings 
and the line of rotor contact. 

Operating experience with these ma- 
chines has been relatively good since 
their installation some seven years ago. 


Centrifugal Exhausters 


The last war was fought almost en- 
tirely with reciprocating-engine air- 
planes, but toward the end of the Euro 
pean phase, interest shifted to high 
speed  jet-powered aircraft. This 
brought about a change in emphasis on 
aircrait-engine research programs in 
this country. 

An aircraft jet engine is a large user 
of air, and early jet-engine research pro- 
grams were greatly handicapped by lack 
of flow capacities at available research 
facilities. Tests had to be conducted at 
sea-level conditions and results projected 
by altitude predictions. Rather than take 
the time to build entirely new facilities 
at the Lewis laboratory, plans were made 
to convert those already existing to a 
plant size sufficient to handle jet engines 
then being planned. 

Studies on modernizing all the air- 
supply and -conditioning facilities, as 
well as the exhaust-gas systems serving 
the Engine Research Building, were un 
dertaken. New test stands were con- 
structed, larger exhaust-gas piping and 
exhausters were installed, and most of 
the research program shifted to work on 
jet engines and their cousins in the 
missile field, such as ram jets and 
rockets. 

As previously mentioned, the original 
exhauster equipment, exhaust-gas cool 
ers, and piping were designed for direct 
water-spray cooling with saturated gas 
for exhauster consumption, and _ this 
combination somewhat favored the wet- 
seal-lobe-type exhausters. 


Emphasis with jet-engine research is 
in the direction of higher altitudes under 
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greater ram or speed conditions; there- 
tore, high capacity at high altitudes has 
usually favored the adoption of indirect 
exhaust-gas for this service 
wherever possible 

Some idea of the exhaust-gas volume 
reduction possible at higher altitude with 
indirect cooling equipment may be seen 
in Figure 15, which shows exhaust-gas 
specific volume plotted against tempera- 
ture for various pressures or altitudes 
when the gas is cooled by the addition 
of water and again when no additional 
water is added to the products of com 
bustion. 


cin 


Point A indicates the end point of a gas- 

saturation-cooling process when no sensible 

; cooling has been accomplished. Correspond- 
ing to point A, the specific volume of the 
gas mixture for each starting pound of 
dry gas is approximately equal to 330 cu.ft. 
Saturation temperature, reached by cooling 
the gas, occurs at 96° F. when initial tem- 
perature of the gas was 000° F, 

When 75° F. cooling water is available, 
as it 1s most of the time, it is possible to 
cool the gas mixture from point A to point 
B, which reduces the gas volume to ap- 
proximately 185 cu.ft./lb. of dry gas, but 
this requires handling and cooling large 
quantities of water to dissipate heat, at the 
low-temperature level of the condensing 

The cooler, therefore, tends to 
become elaborate and large. 

Alternately, if the same pound of gas 
were cooled to point 7), or 75° F., in an 


process, 


1. Moisture content of gas = 


indirect cooler, no water vapor would bx 
added to the gas and the final volume would 
be approximately 150 cu.ft./Ib. of dry gas 
Point C illustrates the fact that for equal 
gas volume for both the direct and indirect 
cooling processes, it is necessary to reduce 
gas temperature to less than 50° F. Usually 
the cooling process is carried to about 
100° F., as shown at point FE, with little 
penalty. Thus, the cooling requirements of 
jet-engine exhaust gas at high altitudes and 
high temperatures generally favor an in 
direct method to hold exhaust-gas volumes 
to the lowest possible quantity and also to 
reduce the water-cooling problem 


From this study, the decision to install 
indirect arrived at 
though they required much more operat 
ing care and maintenance than the spray 


coolers was even 


coolers. 

Studies were made of the exhausters, 
then, as a part of the over-all exhaust 
gas cooling, piping, and pumping prob 
lems. It was finally determined that 
centrifugal exhausters would best fit the 
problem. Some aspects of the problem 
considered may be listed as follows: 


1. The high-altitude requirements of this 
installation greatly favored staged 
compression. In order to maintain a 


50,000-ft.-altitude pressure condition, 
exhauster inlet pressure would run 
about 3 in. Hg abs. or lower, and 


with discharge losses through piping 
and coolers, a pressure ratio of about 
10 to 1 would be required 


400, 
| CONSTANT PRESSURE OR acTi- 
300; TUDE SATURATION LINE 4 FINAL SATURATION TEMPERATURE 
OF GASES COOLED FROM 4000° F BY 
™~ \ SPRAY COOLING ALONE 
IN) P \ 
¥ 
2 \ SPECIFIC VOLUME OF GASES 
- ------ 


3 


TEMPERATURE. *F 

Fig. 15. Specific volume of air-water vapor mixtures 

8 per cent by weight as it leaves engine 

2. Air and exhaust gas have comparable values 


Fig 
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16. Centrifugal exhausters. 
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2. The low densities and high volume flow 
of the exhaust gas made large equip- 
ment an economic necessity. This re 
quirement generally eliminated posi- 
tive-displacement lobe-type machines 
Reciprocating machines might have 
been used in units up to 50,000-cu.tt./ 
min, capacity each, but it was finally 
determined to install four 100,000-cu 
it./min. centrifugal exhausters It 
was felt that over-all first cost, as 
well as operating costs, favored cen 
triftugal equipment im this location 

Figure 16 shows the general arrange 

ment of these machines. 

As installed, the three machines m_ the 
foreground may operate in series with the 
last machine or all may operate im parallel 
depending on system-vacuum requirements 
In addition, all four of these machines can 
be paralleled and operated as a unit in 
series with the older positive-displacement 
lobe-tvpe machines. This combination gives 
the greater system capacity at the higher 
altitudes where two-stage compression is 
necessary 

The three machines in the foreground of 


Figure 16 have 2500-hp. motors and the 
farthest one has a 4000-hp. motor Mt 
the time of the initial design work, tenta 
tive research schedules indicated that the 
three 2500-hp. machines would always be 


operated under low density inlet conditions, 
tor example, at 3m. Hg abs. discharging 
at 10 im. He abs. On the other hand, the 
fourth machine would often act as a second 
compression to the first three, taking 
suction pressure of about 9 in 
and discharging it at atmospheric 
or nominally 30 in. Hg pressure 

Under the arrangement, 
Variation in exhaust-gas density at the two 
nominal suction levels, the fourth machine 
could handle the output of the other three 
Phis condition of operation fixed the need 
jor a 4000 hp. drive motor contrasted to 
the other centrifugal exhausters 

\ll four of the exhausters are identical 
in design except for driving-component 
sizes. Rated compression ratio is 3'4 at 
100,000) cucit./min kor regulation, these 
machines operate at variable speed ranging 
from 1200 to 2800 rev./min. A hydraulic 


Stage 
gas ata 
He abs 


series owing to 


coupling provides a means of speed con 
trol and is used in conjunction with 
pneumatic pressure-sensing diaphragms 


ind regulators on the exhaust-suction 
header to maintain preset header 
pressures with wide load changes, Good 
pressure regulation is extremely impor 
tant to keep research exhaust conditions 
stable. Minimum flow requirements are met 


by a bleed-in valve at each machine suction, 
which is operated with the speed control to 
prevent surging at low flows 

I xhauster design details are generally in 


accordance with standard industrial centri 


fugal-blower-construction — practice The 
roter assembly has four = steel-fabricated 
wheels, the blades are backward curved, 
and the diameter of the inlet wheel is OO 


\ctual operating experience with this 
has 


hive 


generally good 
heen in 
had 
several changes made from the original 
installation design 
was improved and more cooling surface 
provided to maintain lower oil tempera- 


installation been 
during the 


service. The fluid coupling 


vears it ha 
have 


Coupling impelle: 


tures under high-coupling load condi 


tions. Considerable work has been done 
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with the automatic speed controls which 
maintain suction conditions at a constant 
point. 

The nature of the suction load is far 
from steady, and header-pressure fluc 
tuation often was complained about by 
the research staff. Gradually, sufficient 
operating experience and control devel- 
opment provided acceptable operating 
conditions. The greatest difficulty with 
a straight speed-control system seemed 
to be that the high inertia of the machine 
and its coupling caused a lag during a 
rapid load change. 

As operating experience developed 
with the centrifugal machine installa- 
tion, it was found that high-altitude 
scheduling of the services was consid- 
erably less than anticipated initially. The 
bulk of the research schedule could be 
met with single-stage operation of this 
machine group. However, as previously 
stated, three of the machines in this 
group did not have enough power for 
normal operation from an inlet pressure 
of 10 in. He abs. to a discharge pressure 
of 30 in. Hg abs. 

Figure 17 shows  partial-operating 
characteristics of these machines when 
operated single stage at one selected 
speed. After some minor piping 
changes, the three 2500-hp. machines 
were tried under nominal suction condi- 
tions of 10 in. Hy abs. Initial operation 
showed that the load response of the 
speed control system was inadequate to 
prevent serious exhauster surging since 
motor rating required operation at the 
low-displacement surge end of the opet 
ating curve, 


Remotoring of the three 2500-hp. ma 
chines was briefly considered but soon re 
jected because of many reasons, not the 
least of which was high cost. It > was 
then decided to try another control sys 
tem on these machines for the special re 
quirements of single-stage operation. No 
change was made on the 4000-hp. second 
stage machine; it was adequately powered 
to work properly with the original speed 
control system. 

Between the piping headers to and from 
the three 2500-hp. machines, however, a 
single discharge-end to suction-end by-pass 
line with control valve was installed. This 
control valve was automatically adjusted to 
maintain constant machine flow conditions 


be] , RATED LOAD 2500 HP WITH 
ATMOSPHERIC DISCHARGE 
)}05 PERCENT RATED LOAD 
110 PERCENT RATED LOAD 
5 PERCENT RATED LOAD 


ATMOSPHERIC 
DISCHARGE 
2 SURGE LINE OPERATING RANGE 


2340 RPM 


PARTIAL CAPACITY CURVES 
4-STAGE CENTRIFUGAL EXHAUSTERS 

RATING 100,000 CU FT/MIN 

AT PRESSURE RATIO 334 


40000 $0000 60000 70000 
AIR FLOW, CU FT/MIN 


Fig. 17. Abbreviated 2500-hp. centrifugal 
exhauster curve. 
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over a satisfactory range. The speed of the 
machines was manually set to obtain the 
nominal 10 in. Hg suction conditions; all 
operations following were then at the same 
speed. Pressure drop across one of the 
machine aftercoolers was used for flow in 
dication, and the resulting impulse trans 
mitted to the by-pass bleed-valve pneumatic 
operator to maintain flow above the surge 
range. 

The 4000-hp. machine is used for swing 
load while the three 2500-hp. machines 
operate on a fixed-base load. Exhauster 
drive equipment permits — considerable 
overload for short periods so that there 
apparently are no adverse effects from 
momentary load peaks. Operating | ex- 
perience has shown this control system 
satisfactory. When the machines operate 
as the first stages of a two-stage setup, 
control is returned to the original speed 
setup by a simple transfer switch 


Central Control Room 


One of the particularly unique fea 
tures of the exhauster equipment is the 
interrelationship of one machine to an- 
other. As was pointed out, each type 
of machine was purchased for a particu 
lar job, and yet all the machinery may 
be operated collectively as a unit. This 
is accomplished by a system of cross 
piping and remotely controlled valves. 
The nerve center for this operation 1s 
the central control room, shown in Fig- 
ure 11. 


The service dispatcher’s desk is located 
in the center of the room so that he may 
readily see the five control panels that form 
a semicircle around his desk. Each of the 
five control panels supervises and directs 
a particular service, as required by the in 
dividual test cells. The service dispatcher 
inaintains contact with each research test 
cell and with the equipment operators by 
means of a direct-wire telephone service. 

The far right-hand panel controls the 
exhaust systems that were described pre 
viously, and Figure 12 gives a close view of 
this panel with a typical panel layout. The 
lines on the panel are color coded with 
each colored line representing a building 
wall or process pipe. white line 
surrounds the panel and = represents the 
outer walls of the building that houses 
the research setups served by the ex 
haust facilities. Brown lines mark the 
various research test cells, and red and 
green lines represent the altitude and at- 
mospheric exhaust-piping systems. Green 
and red lights on the pipe lines indicate the 
locations of the exhausters. A green light 
represents an exhauster available for opera 
tion, and a red light represents a machine 
that is in operation. Pairs of white and 
b'ue lights represent valves in the open or 
closed position. There are more than 300 
valves, ranging in size from 3 to 72 in. in 
diameter, which are controlled from these 
panels. Knobs and indicating lights on the 
panel apron comprise a part of the safety 
system. Should an emergency arise some- 
where in the building and the equipment 
operator be unable to reach his controls, 
each major piece of equipment supplying 
the altitude services could be shut down 
from the central control panel. 

The remaining four panels in the central 
control room operate exactly as the one 
just described; however, each one super- 
vises an entirely different system. The sec 
ond panel handles the 10-lb./sq.in. refrig- 
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erated-air supply system, the third panel 
controls the distribution of the 40-Ib./sq.in. 
combustion air, the fourth panel supervises 
the 125 and 450-lb./sq.in. air system, and 
the fifth panel is used for distribution of 
the 2-lb./sq.in. engine-cooling air. 

$y means of this central control sys 
tem, air supply and engine exhausts are 
directed through an intricate system of 
valves, machines, and piping to the many 
test installations. Consequently, simpli- 
fied control is maintained over the com- 
plex test and service equipment in order 
that the maximum number of research 
activities may operate simultaneously. 


Future Exhaust System Growth 


A new research facility at the Lewis 
laboratory incorporates many improve- 
ments in not only the altitude-exhaust- 
vacuum system, but also all the other 
process systems needed to provide alti 
tude-test conditions. The high air re- 
quirements of present-day aircraft en 
gines and those of the near future made 
early construction of this facility a neces- 
sity. With proven research techniques 
for a model, new equipment has been 
designed to allow simulation of flight 
conditions for high ranges of speed, alti- 
tude, and engine size. 

The exhauster equipment for this in- 
stallation was designed cooperatively by 
the manufacturer and the Lewis design 
staff, who used data collected as a result 
of aircraft centrifugal-compressor re 
search programs for much of the basic 
design knowledge. 

One result of this cooperative design 
program has been procurement of cen- 
trifugal compressors somewhat ahead ot 
their normal industrial development 
time. 

The largest exhauster unit is driven 
by a 16,500-hp. motor which is directly 
connected to three centrifugal exhaust 
ers, 

Impeller design has been improved 
and refined to a point where a pressure 
ratio of 2/wheel has become possible as 
compared to average present day ordi- 
nary commercial design practice, where 
pressure ratios are about 1.4/wheel. Dis 
placement rating of the low-pressure 
stage is 275,000 cu.it./min. per casing 
with a wheel 70 in. in diameter. 

This equipment may be connected 
with the older exhauster machines prev 
iously described for common paralleling 
or other arrangements designed to in 
crease utility. While 72-in.-diam. ex 
haust piping is common in the older 
installations at Lewis laboratory, the 
new facility has required 120-in.-diam. 
piping for the same service. The large 
pipe sizes have not proved particularly 
difficult to handle structurally, but the 
necessary shut-off and throttling valve- 
that these systems required presented 
new and interesting design problems. 
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THE THEORY OF UNSTEADY-STATE DISTILLATION 


BATCH-DISTILLATION CALCULATIONS 


ARTHUR ROSE and R. CURTIS JOHNSON* 


The Pennsylvania State College, State College, Pennsylvania 


The recent availability of automatic computers has made it practical to 
use stepwise numerical mathematical methods that were previously far 
too laborious for engineering calculations. The present paper discusses 
various mathematical approaches to some complex distillation phe- 
nomena. The same situation undoubtedly exists for other unit operations 
such as absorption, adsorption, diffusion, extraction, ion exchange, dialy- 


sis, and others. 


UCH of the earlier theoretical work 

in batch distillation was carried on 
with the assumption that the McCabe- 
Thiele procedure was valid for finding 
the relationship between product and 
still-pot The further 
assumption of zero holdup was usually 
made. The method of calculation, out- 
lined by Smoker and Rose (72) involves 
solution of the Rayleigh equation 


compositions. 


obtained, 
either analytically or graphically, if the 


\ solution can always be 
tp vs. *, relationship 1s known 

The preceding equation produced sev- 
eral derived equations and correlations 
of value. Calculated of curves 
based on zero holdup and total reflux 
conditions (9) were found valuable in 
showing the maximum possible separa 
tion that could be obtained with a given 
column and mixture. Similar calcula- 
tions were made for finite holdup condi- 
tions (70), assuming again that total 
reflux conditions prevailed, 1.e., that the 
product and_ still-pot 
compositions was the same as that ob- 
tained under total reflux. 

The following general equation for 
batch distillation was derived from an 
over-all material balance on the more 
volatile component in a binary mixture 
(0): 


series 


spread hetween 


/ 
AJ 
' 
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where 


. dx, 


( condenser holdup 


and 


Functions f’y(x,, . .) and 


. . .) are derivatives of 


terms defined by the equations 


h fn | ) 
and 

Vp rer 
where 


h holdup of more volatile component 


Colburn and Stearns (/) derived a 
similar equation without, however, com 


pletely separating the variables: 


They also derived the following equation 
for the operating line in batch distilla 
tion: 


total holdup, both vapor and li- 
quid, in the column 

average composition oi total 
holdup 

average composition of holdup 
above the nth plate 

reflux ratio expressed as L/Il’ 

total 
plates in the column 


number of theoretical 


They pointed out that the effect of 
holdup is twofold, The added term in 
the denominator of Equation (3) sug- 
gests that the separation with holdup 
be less sharp than no 
However, the spread between 
the 
tending to 


should with 
holdup 
and x, may be increased by 
holdup, thus 


separation 


presence ot 
improve — the 
stated that 
tions, such as (2) and (3), is that the 


also 
the disadvantage of equa 
equations cannot be solved without prior 
knowledge of the course of a distillation, 
and thus cannot be used in predicting 
this course 

Differential hatch dis 


tillation, based on plate-by-plate mater 


equation » Oo 


ial balances, were derived independently 
by one of the authors and by Pigford 
(5) As shown below, these equations 
do not lend themselves readily to solu 
tion 

The most recent papers on this sub 
ject (7, &) present results obtained by 
the stepwise numerical solution, by the 
of finite dif 
the 


method of first differences, 


ference equations derived from 


dx”, 


(Xp — 


Louis, Mo 


Chemical Engineering Progress 


differential The method of 
calculation is summarized in the papers 
of Rose and Williams (17), and Rose, 
Johnson and Williams (8). 


equations, 


where 
Hi 
Vy 
t 
= 
Se x, dx, " 
in( ‘oe (1) 
S» 
Vey da 
da 
(3) 
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COLUMN 


STILL POT 


S,X%Xs 


Notation 


I” = rate of vapor flow, mole/unit 
time, from still or any plate 

L = rate of liquid flow, mole/unit 
time 

D = rate of product removal, mole/ 
unit time 

H liquid holdup on each plate, 


mole 


S liquid in still pot, mole 


x = mole fraction of more volatile 
component in liquid phase 

y = mole fraction of more volatile 
component in vapor phase 

Rk = reflux ratio, L/D 


Subscripts 


(t 1), ¢ refer, respec- 
tively, to the still pot, plates 1, 2, . 
(¢ — 1), and top plate. 

D refers to distillate. 


Other 
needed. 


is introduced 


notation 


as 


Differential Equations and Differ- 
ence Equations and Their Use. The 
remainder of this paper contains (1) 
derivation and properties of the system 
of differential equations that describe 
composition changes on each plate dur- 
ing batch distillation and (2) derivation 
of finite difference equations for batch 
distillation and explanation of their use 
with automatic computers. 
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Fig. 1. Diagram of a batch-distillation column. 


Assumptions Involved in Derivation 
of Plate Differential Equations. These 


are as follows: 
2. Li Ls L. (and therefore 
D=V-—L), 
3. Vapor holdup is negligible, 
4. xn is uniform across plate n, and equal 


to the x leaving the plate, 
5. A total condenser is used, 


6. Condenser and line holdup is neglig- 
ible, and therefore y: Xp, 

7. The holdup on each plate is constant, 
and H, = 

A. batch-distillation column is dia- 


grammatically represented in Figure 1. 


Derivation of Plate Differential 
Equations. For plate n, during the time 
interval d@, the plate receives 


dx, D 
dx D 
= A + 
dx D 
— (R+1)y, + 
[I 1 + 4 


moles of more volatile component, and 
loses 


+ Lx, ]d0 


The net gain of more volatile 
component on the plate is 


moles. 
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Rx, - 


H 1 


Similarly, for the top plate, 


da 


] 
70 if [Vy,_, — Lx, + Drp) 
(7) 


The similar material balance of more 
volatile component in the still pot may 
be written, for the interval d@, 


Gain Lx,d0 


Loss = 


Change in number of moles 
d(Sx,) Sdx, + x,dS 
Sdx, + (Lx, —V'y,)d0 


dS 
: 
dé dé 
(9) 
But dS/dé@ is the rate of removal of 


material from the still pot, and, since 
I’ and L are assumed constant through- 
out the column, 


dS /d0 L D (10) 


Substituting (10) in (9), 


dx, 1 
[Lx, — Vy, + Dx,] 
(11) 
Since R = L/D, Equations (6), (7), 


and (11) may be rewritten: 


Xp] 


| (12) 


J 


It is desirable to eliminate time as the 
independent variable. This may be done 
by writing Sg as the total moles of 
charge, and rewriting (10) as 

S 


Sod ( So ) 


=f) 
dé dé 


~ 


(13) 
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| Hadx,, 
CONDENSER Hdx,, = 14+ ] a4 
Lo.xp — Vy, — Lx,|\dé (5) 
PLATE 
NUMBER 
D,x 
4 Lt (6 
Vg bs 
2 * 
2 Ho, x2 
Lo 
| 
| 
(8) 
| — 


S/So as the frac- Then, since (19) then becomes 


Then, defining F = 


tion of charge remaining in the still pot 
at any time, - SSo S d 
H ak di 
So 
df (14) by substituting = ( ) (1, —*p) (21) 
The quantity d@ may now be removed So bs ’ 
from Equations (12), and the basic a dF tor dF Letting S#/ = total holdup in the col- 
: umn, neglecting vapor holdup, multiply- 


differential equations for batch distilla- 
tion in a plate column may be written, the Equations (15) are obtained. 
subject to the assumptions listed above: 


H —Rr,—2p d ¢ 


So 
dF H 


1 S 
| Rx, (R+1)y,+ +, 


ing by #7, and substituting S/S» for F, 


Equations for the top plate and still 


pot may be written in forms which Equations (2) of Rose and (3) and dx, - 
more closely resemble the equations for (4) of Colburn and Stearns may be (=H) dS 7 
the intermediate plates. These forms easily obtained from Equations (15). 


may he preferable in computation. 


ar, So 
(R +1) 4p) + Rl rp — 
(311) ( i) (23) 
dx, 1 R dx, 
(i + (xr - + 


4 Comparison of Differential Equa- ) 
tions with Those Derived by Other Making a material balance around the =: dx, dx, 
Investigators. ‘The above Equations entire column, 
(15), though independently derived, 
closely resemble those obtained by other ( ) 1(R +1) — ve) | 
investigators. Pigford and Marshall H } dk H 
(4) write the following materia! balance dx, S. aie | 
around plate m in a plate column: : 1) + 
H 
_ So ((R+1)(% 4p) + Rep — 
dF H ‘ 


1 Yn) + 4 1 
Adding the above equations, 


(; dx, dx, S+ (fp x,) ( i) 


This is identical with (6) if vapor H } dk dF dF 
holdup, h,, is assumed to be negligible. Se 7 
Pigford, Tepe, and Garrahan (5) ( (19) 
express the equations in the form “= — 
dx, (1p (Xp r,) 
F d(1—F’) a, + Rr —(R+1)¥0 Solution of this yields 


S, d(1—F’) ' (1p 


where (1—/’) =the fraction § of (24) 
+ 
initial still contents distilled over, and 
S, = initial still contents after equili- t which is the same as (2), except that 
brium is reached, 1.e., charge minus to- a ee 4+ da tda condenser holdup has been neglected 
tal holdup. in this derivation. 
Since d(1— F’) = —dF’, the equa- (20) Similarly, from (22), 
tions mav be rewritten 
SH IX» ds 
Ix, =| (2 (SH) 
[Rxr, — (R+1)y,+ 4,5] 
(18) hed (75 
(R +1) Yn) + (1p 44) (3H) ( ) 
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‘ 
So 
dS 
dx, = ; 
r a 


and Colburn’s equation reduces to 


dx, in( (1) 
dx 1 D 
(1p — *,) an) (4) 
(3) ‘Both are forms of the Rayleigh equation. 
The operating line equation, upon 


This is the equation derived by Colburn 
and Stearns. Their operating-line equa 
tion may be obtained by a similar sum- 


assuming zero holdup, and substituting 
R R’/(1 Rk’), reduces to the stan 
dard McCabe-Thiele form 


mation of the plate equations. Making 
a material balance from plate n and Vy, = + Dep (30) 
around the condénser : = 
H [(R +1) (yn — +R — 4041) ] 
dx 
da 
— + — 24) ) 
Since xp = y,, the sum of the equa- 
tions 1s These equations demonstrate why close 
agreement is obtained between low- 


di lated zero-holdup curves. 


Analytical Solution of Differential 


So 

H [(R + 1) — — Equations. <A _ simplified case was 
(26) studied in an attempt to determine 
whether the differential equations could 

Since R’ = L/Il’ and R= L/D. R= be used in solution. This case involved 
R’/(1 —R’) and R+1=1/(1—R’). ® column with a still pot and one perfect 
plate distilling a Henry’s law solution. 

’, = The equations could be solved to yield 

slowly converging infinite series. Since 

t+ + cases of practical interest would involve 
t—n more complicated equilibrium relation- 


; ships and many more plates in a column, 
, it may be concluded that the study of 


ds + dx 4 4+ dx 4. ds such cases is not warranted. 
*n+2 t 1 
= (t—n)dr’, (27) Numerical Solution of Differential 
Equations. In order to obtain numeri- 
Assuming vapor holdup = 0, SH = to- cal results it has been necessary to ap- 
tal holdup = tH. Then 
dx’, So 1 Rr’ 
2 


i( 


Rearranging (28), 


( LH )( t—n ) dx’), 
t Se a( 
So 


So 


1 R’ 


tH dx 
Ve = + (1—R’)I (4) 
t Se ( S ) 
d{ 
So 
If zero holdup is assumed, Rose’s 
equation reduces to proach the problem in one of three 


ways: (a) by'the use of a large analog 


computer, (b) by the approximate solu- 


S= ke’ 


(29) 
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tion of the differential equations, and 
the solution of approximate 
i.e., the finite difference 


(c) 
equations, 
method, 

As an example of the first approach, 

Pigford, Tepe, and Garrahan (3) used 
the differential analyzer at the Univer- 
sity of to hatch- 
distillation problems for a seven-plate 
column, 


by 


Pennsylvania solve 


As is not unusual with a me- 


chanical analog computer, the material 


balance obtained was not close (a varia- 


tion of 6%), and the number of equa- 
tions, i.e., plates, which the analyzer can 
handle is seriously restricted by the lim- 
ited number of integrators. This 
about ten on the largest analyzer. The 
machine can, of course, give only nu- 
merical it 1s 
fast, and may have advantages in speed 


solutions; nevertheless, 


that it loses in accuracy. 


Under the second case just mentioned, 


there are many methods given in mathe 


matics texts for obtaining approximate 
numerical solutions to differential equa- 


tions. Some of the more familiar are 
due to Taylor, Picard, Frobenius, 
Runge-Kutta, Milne, and Simpson. 


There are, in general, objections to the 


use of all of these, the primary one being 
that they are quite laborious 


One ap 
proximate method of solution considered 
in this investigation has been by Tay 
lor’s Series. O'Brien studied the 
use of other approximate methods 
(Euler, Runge-Kutta, and Milne). He 
concluded that the finite difference 
method, discussed below, accurately ex- 
presses the progress of a distillation. 


(3) 


Solution of Batch-distillation Equa- 
tions by Taylor’s Series, The method 
of simultaneous 


differential -equation 
solution by a Taylor's expansion ts out 
lined in Levy and Baggott (2). 


Since 


hatch-distillation equations may be writ- 


ten in the appropriate forms and meet 
the requirements of Taylor’s theorem, it 
appears that they may be solved by this 
method. In order to test this method, 
calculations were made for the simple 
case of a column with a stillpot and 
one theoretical plate distilling a con- 
stant-alpha mixture. It was found that 
close agreement was obtained between 
distillation curves calculated by Taylor’s 
series and the finite difference method. 
llowever, the work found to be 
much too time-consuming to be practical. 
Sources of error were 
were cumulative, and the calculations 
were difficult to check. For these rea- 
sons further work with this method was 
discontinued, 


Was 


many, errors 


Derivation of the Finite Difference 
Equations. The derivation of the finite 
difference equations for batch distiila- 
tion is based on a material balance for 
a particular component around a par- 
ticular plate n of the column during a 
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short but finite period of time. During 


this time @ the plate receives 


+ Vy,_1)0 


moles of the component under considera- 
tion and loses 


(Lx, + l'y,)0 


moles of this component. At the begin 
ning of this time interval the moles of 
the component held up on the plate are 
H,x,, and at the end H,+,,. Since any 
difference between moles in 


and moles 


out must appear as accumulation or 
depletion on the plate, the following 
equation may be written: 
1+ -—Vy Lx,)0 
Ar, = Vy) 
H,, 
T (4, 1 v,) 
(42) 


For the simplified case of a column 
with total condenser, and with negligible 
condenser and condenser line holdup. so 
that vy, rp. the modified 
equation is obtained for the top plate, ¢, 
if this plate is 100°) efficient 


following 


(l’y, 
This reduces to 
Ar, 
— Lr, — 
(43) 


\nalogous equations may be written 
for each of the other plates. A material 
balance around the still pot is expressed 
by the equation 


ns A( Sux.) 


(Lx, 
(44) 
By making the substitution RK = L/D 
and solving for the new composition, 
X,,, the equations became 


Repeated use of these equations al 
lows calculation of all the plate and still 
compositions during an entire distilla- 
tion, if a set of starting conditions are 
available. Examples of several such 
calculations have been indicated im pre 
vious papers as follows : 

1. Batch distillation when all the usual 
simplifying assumptions are applicable (7) 

2. Batch distillations when all usual sim 
plifying assumptions are applicable except 
that plate efficiency is not 100% (&) 

3. Batch distillation when it is not per 
missible to assume 


a. Constant relative volatility | 
b. Equal heats of vaporization 
c. An adiabatic column 

d. 100% plate efficiency 


The second of these previous papers 
demonstrated that the calculated compo 
sitions were in agreement with experi 
mental values. These earlier papers also 
pointed out the the 
method; namely, it is very laborious and 
This disadvan 


disadvantage ol 


errors are cumulative 
tage is largely obviated by performance 
of the calculations commercially 
available IBM digital All 
but the most complicated of the follow 


on 
computers. 


ing irregular and nonideal cases can be 
calculated automatically by this tech 
nique. 

Only one assumption is inherent. in 
the method. This is that in a= short 
period of time @, referred to as 
interval, the compositions of the various 


one 


streams do not change, or they change 
in an arbitrarily chosen manner based 
on general experience or immediate past 
behavior. This assumption involves an 
error that may be made as small as de 
sired by decreasing the interval size or 
determining the rate of change of com 
position during the interval in a more 
elaborate manner 

finite 


arise 


Advantages of the difference 
calculation procedure the 
freedom of need for simplifying assump 
tions and restrictions. Thus, if essential, 
it is possible to make calculations that 
take into account all the following non 
idealities and irregularities, even though 
they simultaneously during a 
single distillation. 


from 


orcur 


6D 
= Fig t+ H Rv, Tp] 
t 
t4 


1 = io H 


Sor so 


+ @D| Rx, — (R + 1)y,] 


aD 
+ 41) 
1 


1. Relative volatility is variabl 
There are unequal heats of vapori7a- 
tion, unequal specific heats, anc appre 
ciable heats of mixing of Components, 
resulting in unequal molal overflow 

3. The column is nonadiabatic, also re 
sulting in unequal molal overflow 

4. Plate efficiency is other than 100% 

5. Condenser holdup, or condenser 
holdup, is appreciable 

6. Holdup is not uniform on the various 
plate s 

7. Holdup on a given plate 
the distillation progresses 

&. A partial condenser is used instead ot 
a total condenser 

9 A ternary or multicomponent mixture 
is distilled 

10. A packed column is used instead of a 
plate column 


line 


changes as 


ll. Vapor holdup is not negligible 
12. Liquid composition is net uniform 
across a plate, and not equal to the 


composition of liquid leaving the plate 


13. A change m the liquid or vapor rate 
does not affect all plates simultan 
eoush 


14. Reflux ratio is varied during the dis 


tillation 
The general approach to these realis 
tic calculations has been indicated in the 
previously mentioned papers, but wall be 


amplited here In principle, It ts pros 
sible to modify the relatively simple 
:quations (45) so they take into ac 
count the various irregularities men 
tioned. Therefore Equation (57) ha 


been derived for the case where irregu 
larities 2, 3, and 6 are taken into account 
Llowever, in veneral, it is preterable not 
to derive such complex equations, but 
to “program” the calculation procedure 
by listing the order in which the various 
simpler equations are to be used in ob 
taining a value of x,, from a,,. This is 
possible because most of the aASSUTIptions 
arise from the repeated use of the basic 
equations for successive intervals, rather 
than being inherent in the basic equa 
tions as applied to a single interval 

As a result, for example, there is little 
difference in the basic caleulation pro 
cedure for cases of variable relative 
volatility compared with constant rela 
tive volatility. In each case before the 
basic Equations (45) may be used to 
calculate new liquid compositions at the 
end of a new interval, it is necessary to 
use means of the 
sary equilibrium vapor compositions at 
the beginning of the interval, from the 
known — liquid W here 


100°, plate efficiency and constant rela 
tive volatility may be assumed, the usual 


some getting neces 


compositions 


relative volatility expression 


\ r 
l-y 


When relative volatility 
is not almost 
possible to express the vapor-liquid equi 
by functional 


be used, 
constant, it 1s 


may 
always 
some 


librium relation 


relation such as 


+ bx? + 4 


ar 


| 
| 
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In many cases it Is convenient to use 
available equations and constants (ac- 
tivity coefficients or K values) to obtain 
partial pressures and mole 
fractions of the equilibrium vapor. In 
principle it is even possible to use a 
graph of the vapor-liquid equilibrium 
data, but this greatly complicates the 
possibility of machine calculation, and 
not advisable. In any the 
calculation procedure involves alternate 
use of Equations (45) and some vapor- 
liquid equilibrium equation or equations, 
without modification of Equations (45). 

When 100% plate efficiency may not 
be assumed, the procedure is the same, 


necessary 


so 1s case, 


except that after each equilibrium vapor 
composition is obtained, an equation 
such as the Murphree x or y equations 
must be used to obtain actual vapor com- 
position the equilibrium value. 
Thus, the programming is the repetitive 
use of the sequence (1) Equations (45), 
(2) vapor-liquid equilibrium equation, 
(3) plate-efliciency equation. It is 
clearly possible to use different plate- 
efficiency factors for the different plates, 
and if desired, to go further and take 
into account the variation of such fac- 
tors with liquid compositions. This 
merely introduces into the program se- 
quence a step (2a) calculation of plate 
efficiency from liquid composition ac- 
cording to some predetermined func- 
tional relation. 


When there is nonadiabatic operation 
of the column, the values of I” and L 
are different from plate to plate, and 
may also vary with concentrations in 
the column. When the latter is not the 
case, the program of calculation is iden- 
tical with that previously described, ex- 
cept that the values of I’ and L will be 
different for each plate, and the proper 
values must be known and introduced 
at the beginning of the calculations. 
Should it be necessary to take into ac- 
count a change in the magnitude of the 
heat leak with concentration, a consid- 
erably more complicated, but still 
straightforward procedure is necessary. 
Thus, a new step (4) would be intro- 
duced in which liquid compositions 
would be used to obtain plate tempera- 
ture, and this then used (with the tem- 
perature of the surroundings and the 
over-all heat-transfer coefficient) to ob- 
tain quantity of heat lost, and finally, the 
new values of ’ and L. 

Inclusion of condenser holdup, con- 
denser line holdup, or use of a partial 
instead of total condenser, requires 
modification of the program for the top- 
plate calculation only, in that the simple 
relation +p = v, must be replaced by a 
more complex relation to obtain the cor- 
rect value for the compositions of the 
liquid flowing onto the top plate during 
any interval. 

If holdup is different on the different 
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plates, but remains constant on any one 
plate throughout the distillation, there is 
no complication in programming, since 
it is only necessary to introduce the 
proper values into the equations for the 
different plates. 

When holdup varies during the distil- 
lation, it is probably most frequently 
because composition 
molar volume changes while volumetric 
holdup remains constant. In this case, a 
functional relationship H = f(#) must 
be established and used to calculate the 
necessary values for H for each plate at 
the beginning of each new interval. 
However, there are further complica- 
tions. This change in H/ requires a ma- 
jor change in the procedure, because 
Equations (45) now have three un- 
knowns (L,, H,, and x,) instead of 
just one (x,,). Actually 1, and H, are 
related by over-all material balances, and 
a, and H, are also related by H = f(x) 
but the latter relation will probably sel- 
dom be simple enough to permit explicit 
(45) for x. Although no 
calculations of this type have been made, 
the best procedure would probably be a 
trial-and-error iteration as follows: Use 
Lo/Ho as a first trial value of L,/H, 
and follow the normal procedure to ob- 
tain a first trial value of x,;. Use this 
in H = f(x) to obtain a second trial 
value of Hy, use this in the over-all 
material-balance equation for the plate 
to obtain a second trial value of L,, and 
use this in Equations (45) to get a 
second trial value of x,,, and so on until 
successive trials give the same answer. 
There does not seem to be any way to 
avoid this major increase in computation 
load when the change of holdup with 
time is to be taken into account. The 
over-all procedure for this case then is 
(1) Equations (45) iteration as just 
explained instead of simple use of Equa- 
tions (45), followed by step (2, 2a) if 
variation in plate efficiency is to be 
taken into account, (3) if plate efficiency 
other thar 100% is involved, (4) if 
operation is nonadiabatic and the heut 
leak is varying with time during the 
distillation, plus such steps for the top- 
plate calculation as are required by the 
condenser holdup and composition rela- 
tions. In general, irregular thermal 
properties such as unequal heats of va- 
porization and specific heats, and appre- 
ciable heats of mixing, result in com- 
plexities of the order of those just de- 
scribed for changing holdup. A simple 
case where only unequal heats of vapor- 
ization need be taken into account may 
be dealt with simply by using fictitious 
molecular weights. This merely modifies 
the vapor-liquid equilibrium equation, 
and the standard program may be used. 
A much more complicated case can be 
dealt with by programmi: g which in- 
volves a series of steps. The reasoning 


changes cause 


solution of 
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in this case 1cquires a heat balance and 
an over-all material balance as well as 
a material balance on more volatile com- 
ponent. A functional relation between 
enthalpy and composition is also re- 
quired. The equations are: 


V.+L, 


V Lp = (46) 


= Ol yy, + Lye) + 


(47) 


= + Lyi) + 
(48) 


An iterative trial-and-error procedure, 
similar to that described in the preced- 
ing paragraph, may be used. Equation 
(47) is first used in the regular way 
to obtain a first trial value of x,,. This 
is used to obtain t,, for Equation (48), 
from which L, is also eliminated by use 
of (46). Solution of (48) is then easily 
possible to give a first trial value of 
I’,,, and (46) gives the corresponding 
value of L,. These then used in 
(47) to get a second trial x,,, ete. Sim- 
pler solution is possible at a sacrifice of 
some of the rigor of the solution. Thus, 
if the liquid enthalpy terms or their 
difference is assumed negligible, (48) 
reduces to 


are 


V, = (49) 


When this and (46) are combined with 

(47), it may be solved explicitly for x,, 

and the standard program may be used. 

Equation (57) was derived on this basis, 

and also non-adiabaticity was accounted 

for by writing (49) as 

(50) 


where QO is the heat lost. Defining 


O= (51) 
then 
1 
V - 
t—1 (; >) l, 
=q—— (52) 


Assuming that q is constant for each 
plate; i.e., the per cent of heat in the 
vapor coming to each plate that is lost 
is the same for all plates in the column, 
then 


= 
Writing equations similar to (46) for 


all plates to (t—k), adding, and sub- 
stituting (53), 
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at 
“4 | 

qt, 
t—(k+1) 
(54) 


Rewriting (47) for plate (t —k), 
Ar, 


Substituting (53) and (54) in (55) 


“ +i], 
H, j 
1], 


Multicomponent calculations are rela- 
tively simple for cases such as variable 
relative volatility, plate efficiency, and 
the simpler cases of holdup and flow 
variation. In such there are 
many additional sets of Equations (45) 


cases as 
as there are additional components (be- 
yond the binary pair), and an equal 
number vapor-liquid equilibrium 
equations, plate-efficiency equations, etc. 
Nothing but the basic information and 
the computational facilities are neces- 
sary. Steps in the calculation of the 
more complicated multicomponent cases 


of 


have not been considered in detail, so 
that unexpected complications may de- 
velop for these, even though at first 
sight the procedures for even these seem 
clear-cut and straightforward extensions 
of the binary cases.* 

*Similar statements apply to items 10 
through 13 on page 19. Item 14, a change 


in reflux ratio during the distillation, is a 
simple matter for any combination of the 
other items. 


eat 


(k+1) 


ls 
Vt—(k41) k 
+ (Lp — Ve) — 
(57) 
Conclusions 


It is shown that the differential equa 
tions for batch distillation with appre 
ciable holdup, derived on a plat by 
plate material balance, may be combined 
to obtain equations identical with those 
derived from an over-all material bal- 
ance for the distillation column. Rela 
tions to another of the various 
forms of equations for the batch-distil- 


one 


lation process are indicated. 

Results of several approaches toward 
the solution of the batch-distillation 
differential equations are described, and 
it is concluded that these equations are 
not soluble by any ordinary analytical 
means. The limitations of analog com- 
puters and other numerical solutions are 
indicated. 

Finite difference equations for batch 
distillation with appreciable holdup are 
derived. This is done first for the simple 
case in which all the usual simplifying 
assumptions of distillation are valid. All 
these assumptions are listed. 


Finite difference and 
methods of using them, are indicated for 
the successively more complicated cases 
combinations of 


equations, 


arising when various 
the simplifving assumptions are not ap 
The impossibility of an ana 
logous treatment of the differential 
equations is mentioned 

It is shown that with adequate com 
putational facilities, it ts possible to pre 
dict batch-distillation curves for almost 
any realistic of nonideal 
conditions of practical importance 


plicable. 


combination 


Notation 


(See Notation on page 16.) 
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THE FIRST HUNDRED YEARS 


(Continued from 7) 


What Manner of Men 


men essential to human progress have 


kept in better step with the vicissitudes 
of civilized progress than engineers and 
their teachers. At the close of World 
War II college enrollments were deci- 
mated—and a few years later their bur- 
dens were increased more than tenfold. 
Yet they have not only survived this 
torrent of change—they have periodic- 
ally taken their bearings in the light that 


history and mastery of their profession 
projected 


them—and they have 


gives 
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$ From legendary times until today, no 


into the uncertain future, plans which 
have been realistic enough to make 
engineering a little better, and our stan- 
dard of living a little higher through 
periods of prosperity, depression, and 
war. 
History of Engineering Education 
Frederic T. Mavis 


The Engineering Environment 


$ We have now reached the point in the 
development of engineers where we may 
increase of engi 


expect no perce ntage 


neers in terms of the total population. 


Looking Ahead in Engineering Education 
S. C. Hollister 


Chemical Engineering Progress 


He Has Worked 


$ When engineering was concerned pri 
marily with laying out railroads, 
oping mines, and building the physical 
plant of the little 
research activity in industry. A few im 
we 


devel 


country, there was 


dustrial research laboratories, as 


know them today, were in operation in 


the early 1900's, long after the forma 
tion of the first engineering ocrety 
Research did not become a significant 
industrial activity in this country until 


about the time of the first World War 
ineering turned to the science 


le ve lop 


wl en ene 


for new trontiers 
Commentary Address 
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ABSTRACTS 


Abstracts of papers published in “Reaction Kinetics and Transfer Processes,” Chemical Engineering 


Progress Symposium Series No. 4, Vol. 48 (1952). The volume may be ordered from Chemical Engi- 


neering Progress, 120 East 41 


HEAT TRANSFER FROM THE WALL 
OF A TUBE TO A FLUIDIZED BED 


Richard N. Bartholomew and Donald L. Katz 
University of Michigan 


H eat-transfer coefficients to fixed fluidized 

beds were determined in a steel reactor 
4 in. in diam. and 30 in. high 
consisted of 


Sed materials 
sand, aluminum, and calcium 
carbonate particles in mixtures of both wide 
and narrow size ranges, fluidized by 
The heat-transfer data, obtained at 
temperatures of 400° and 600° F., were cor 
related in terms of four dimensionless 
groups: the Reynolds number, the Stanton 
number, the Prandtl number, and the modi 
fied drag coefficient. 


air 
wall 


Chem. Eng. Progress Symposium Series 
“Reaction Kinetics and Transfer 
esses,” 48, No. 4, 3 (1952) 


Proe- 


PARTICLE-TO-FLUID HEAT TRANSFER 
IN FIXED AND FLUIDIZED BEDS 


Jecob Eichhorn and Rohert R. White 
University of Michigan 


teady-state heat transter between solid 

and gas im fixed amd fluidized beds is 
studied as a function of particle size, gas 
velocity, and gas properties. 

These heat-transfer data are in agreement 
with the 7 factors obtained in previous 
mass-transfer experiments. The fixed-bed 
pressure-drop data are in agreement with 
previously published work 

Phe fluidized-bed heat-transter work in 
dicates that the solid and gas temperatures 
for a bed of particles 48/60 mesh and 
smaller are essentially identical and constant 
throughout the fluidized system. 


Chem. Eng. Progress Symposium Series 
“Reaction Kinetics and Transfer 
esses,” 48, No. 4, 11 (1952) 


Pre 


HEAT AND MASS TRANSFER IN 
FIXED-BED REACTORS 


R. W. Schuler, V. P. Stallings, and J. M. Smith 
Purdue University 


| ew experimental conversion-vs.-catalyst- 

bed-depth data have been obtained for 
analyzing the design procedures proposed 
tor gas-solid catalytic reactors. The results 
show that the modified Grossman method, 
which neglects mass transfer in the radial 
direction, offers a closer approach to the 
experimental data than methods which give 
equal importance to radial mass transfer 
and heat transfer. 


Chem. Eng. Progress Symposium Series 
“Reaction Kinetics and Transfer Proe- 
esses,” 48, No. 4, 19 (1952). 


Chemical Engineering Progress 


Street, New York 17, New York. 


EFFECT OF PRESSURE ON CATALYTIC 
DEHYDRATION OF BUTANOL-1 


J. F. Maurer and C. M. Sliepcevich 
University of Michigan 


he effect of pressure on the initial rate 

of dehydration of butanol-1 over an 
alumina silica catalyst at 750° F. and at 
pressures up to 7500 Ib./sq.in. gage was de 
termined. It was found that the initial rate 
of dehydration increased with pressure up 
to about 2500 Ib./sq.in. gage, which corre 
sponds to a fugacity of butanol-1] of 85 atm., 
and thereafter decreased. 


Chem. Eng. Progress Symposium Series 
“Reaction Kinetics and Transter Proe- 


esses,” 48, No. 4, 31 (1952). 


FORMALDEHYDE-SODIUM- 
PARAPHENOL-SULFONATE 
CONDENSATION 


F. C. Stults, R. W. Moulton, and 
Joseph L. McCarthy 
University of Washington 


he kinetics of the several individual re- 

actions proceeding during the early 
‘tages of condensation of the phenol-formal 
dehyde type of condensation reactions have 
been investigated. 

Since it appears that continuous process- 
ing may offer control and cost advantages 
over the batch methods now common, pre 
liminary experimentation was also con 
ducted to study application of this type of 
data to prediction of homogeneous polycon 
densation results obtainable in a continuous 
flow tubular reactor. 


Chem. Eng. Progress Symposium Scries 
“Reaction Kinetics and Transfer Proc- 
« sses,” 48, No. 4, 1952 


RATE OF FORMATION OF METHANE 
FROM CARBON MONOXIDE AND 
HYDROGEN WITH A NICKEL CATALYST 
AT ELEVATED PRESSURES 


John A. Pursley, Robert R. White, 
and C. M. Sliepcevich 
University of Michigan 


he purpose of this investigation was to 
establish a correlation for the effect of 
the partial pressures of the reactants on the 
initial rate of reaction between carbon mon- 
oxide and hydrogen to form methane and 
water, CO + 3H. CH, + H.O, on a spe- 
cific nickel catalyst at elevated pressures. 
The range of the investigation was limited 
to conditions where side reactions and cata 
lyst deactivation could be shown to be neg- 
ligible 


Chem. Eng. Progress Symposium Series 
“Reaction Kinetics and Transfer 
esses,” 48, No. 4, 51 (1952). 


Pre 


CATION-EXCHANGE RESIN AS A 
CATALYST IN THE SYNTHESIS 
OF ETHYL ACETATE 


David |. Saleton and Robert 8. White 
University of Michigan 


uantitative-reaction-rate data have been 

obtained for the formation of ethyl 
acetate from ethanol and acetic acid in tixed 
beds of cation-exchange resin catalyst. The 
complex interaction of diffusion and reac- 
tion kinetics within the resin which deter 
mines over-all esterification rate has been 
resolved mathematically. The rate expres 
sion finally obtained includes a multiplier 
function which gives the volumetric effi- 
ciency of the resin catalyst. This volu 
metric efficiency ¢@ is shown to be a function 
of temperature and resin-bead size almost 
exclusively. 
Chem. Eng. Progress Symposium Series 
“Reaction Kinetics and Transfer Proc- 


esses,” 48. No. 4, 59 { 1952). 


RATES OF ALCOHOLYSIS AND 
DIFFUSION IN ION-EXCHANGE 
RESINS 


George &. Barker and Robert R White 
University of Michigan 


he rate of the reaction of ethanol and 

n-butyl acétate has been determined 
using fixed beds of cation-exchange resin 
as a catalyst. The correlation of the data 
indicates that the chemical reaction and dit 
fusion of the various components within the 
resin control the rate. The correlation has 
the form of a second-order chemical kinetics 
equation multiplied by an efficiency factor, 
which is primarily a function of tempera 
ture and resin-bead size. 


Chem. Eng. Progress Symposium Series 
“Reaction Kinetics and Transfer 


Proc- 
esses,” 48, No. 4, 75 (1952). 


PRODUCT DISTRIBUTION IN 
CATALYZED AND UNCATALYZED 


BATCH HYDRATION OF 
ETHYLENE OXIDE 


P. C. Davis, C. E. Von Waaden, 
and F. Kurata 
University of Kansas 


iz thylene oxide was hydrated in a 2-liter 
autoclave at 100° to 140° C. and 90 to 
120 Ib./sq.in. gage to form ethylene glycol 
and higher glycols. Both caustic and sul- 
furic acid catalysts were included with un- 
catalyzed experiments. Caustic was the 
most active catalyst and had a marked effect 
upon the distribution of products, increas- 
ing the proportion of the higher glycols. 
Temperature and pressure had no discern- 
ible effect upon the product distribution. 
Chem. Eng. Progress Symposium Series 
“Reaction Kinetics and Transfer Proc- 
esses,” 48, No. 4, 91 (1952). 

(More Abstracts on page 25) 
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TPH development of modern chem- 

ical industry came in the nineteenth 
Industries such as lime, glass, 
ceramics, pigments, sugar, fer- 
mentation, paper and leather started at 
tar earlier They had developed 
through empiricism and until relatively 
recently most of them underwent little 
improvement. The achievements of the 
century were creation of new chemical 


century. 


soap, 


dates. 


products and discovery of radically new 
methods for making old ones. This is 
exemplified in such industries as the 
acids and alkalies, the synthesis of fuel 
the manufacture of fertilizers, 
cement, and types of explosives, 
and especially 
synthetic 
arly in «dvestuffs. 


gases, 
new 
in the development of 


organic chemistry, particu 


Solvay Process—A First-Water 
Achievement 
There engineering giants in 
chemical industry in those days. Per- 
haps this fact can best be illustrated 
by an outline of the development of 
the Solvay process. The earliest depend 
able record of recognition of the poten 
tialities of double decomposition of salt 
with ammonium bicarbonate goes back 
to 1822, but the work was unpublished. 
However, there is no doubt that an 
engineer named Thom, working in a 
Leblanc plant, actually making 
soda by this reaction in 1836, mixing 
it with Leblanc product and selling it 
on the market. That its potentialities 
were fully appreciated is shown by the 


were 


was 
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W. K. Lewis 


emical Engineerin 


New 
Science 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


tact that during the next two decades 
tour plants attempting to exploit the 
reaction were built in England and at 
least five on the continent. All 
financial failures. Doubtless one would 
class them today as pilot plants, but 
it is beyond question that they were 
intended for the market 
It was twenty-five years after the ini 
tial industrial attempt of Thom before 
the first successful plant 
was put into operation by 


were 


to produce 


commercially 
Solvay 

Solvay's success was an engineering 
First. 
he had to make a reversible reaction go 
Ly mass-action effects. In order to do 
this he had to develop a type of lime 
kiln that would give high carbon dioxide 
concentration in the kiln gas. Then, 
he had to design equipment for the 
decomposition of solid bicarbonate of 


achievement of the highest order 


soda under conditions that enabled him 
to recover the dioxide evolved at high 
vield and relatively undiluted with ait 
Also, he had to build a pressure reactor 
tor the and in this 
he had to provide for effective counter 


operation reactor 
current contact of the gas and liquid 
Moreover, he developed this compli 
cated combination of means for secur 
ing an adequate mass-action effect six 
vears before the law of mass action was 
discovered by the chemists, 
and Waage. In addition to all this he 
had to have independent control of the 
temperature of the precipitating liquid 
and its in the 
zone. The ammonia he put through the 


Guldberg 


residence time reaction 
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cost five times 


process the 
value of his tinal finished product, so 
that he had to develop equipment in 


per 


which mechanical losses of ammonia 
were negligible and a process which 
would recover ammonia in extremely 


high yield at low cost. These things he 


did represent superlatively good engi 


reering. Moreover, Solvay, a civil en 
gineer, was not alone in doing this sort 
of work: this fact, 


engineering as a_ profession 


chemical 
did 


come into being in the nineteenth cen 


despite 
net 


tury. 


Iwo important factors delaying the 


professional development of chemical 
technology were the type of men in the 
field and the history of the imdustry 
particularly during the last half of the 
century 

Ihe outstanding leaders in the early 
development of the mechanical side of 
the industrial revolution brought to the 


solution of its problems an engineering 


point of view which was characteris 
tically modern. James Watt had an 
analytical mind, dissatisfied with any 


thing short of thorough understanding 
of the factors fundamental to his prob 
the 


engine 


Thus, when first faced with 
the 


he started a research investigation, set 


lems 
deficiencies of Newcomen 
ting to work to determine in the labora 
tory the physical properties of steam 
He only of 
steam engine, but also of the indicator 


was the inventor, not the 


which has been described as the equiva 
lent, 


for the steam engineer, of the 
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stethoscope for the physician. Rankine 
introduced thermodynamic analysis into 
the field of power generation. In doing 
so, he was one of the outstanding lead- 
ers, along with men like Helmholz and 
Clausius, ir. ‘he interpretation of the 
new science of thermodynamics. Zeuner 
in Switzerland was a man of similar 
type. Under their inspiration mechan- 
ical engineering could not fail to ac- 
quire professional status. In sharp con- 
tradistinction, the leaders in chemical 
industry, in the early part of the nine- 
teenth century, were predominantly 
practical men, temperamentally inter- 
ested in practical results rather than in 
an analysis of the fundamentals under- 
lying their field of activity. 


Germany in the Lead 


The first half of the century devel- 
oped the heavy chemical industries 
which are the necessary foundation 
for any chemical economy. On the other 
hand, the whole history of applied chem- 
istry during the last half of the century 
was dominated by the development of 
synthetic organic chemistry, based on 
the discovery of mauve by Perkin. The 
development and manufacture of the 
new dyestuffs offered fascinating op- 
portunities, but it was Germany that 
was in a unique position to take ad- 
vantage of them. The industry required 
large numbers of well-trained organic 
chemists. Universities of Germany, un- 
like those of England, had for decades 
fostered chemistry as a science and Ger- 
man industry was quick to exploit the 
advantages of the situation. Long be- 
fore the end of the century, Germany 
was supreme in the whole field of syn- 
thetic organic manufacture. 

On the other hand, the very extent of 
the German success deflected profes- 
sional development in the wrong direc- 
tion. The manufacture of dyestuffs was 
predominantly a set of small-scale oper- 
ations, the equipment for which was 
blown-up laboratory apparatus, enlarged 
in dimensions. Similarly, the process 
was the batch operation of the labora- 
tory. Control was in the hands of chem- 
ists, using the laboratory worker's view- 
point. 

The chemists turned out by the Ger- 
man wniversities were  superlatively 
trained for these tasks. Details of con- 
struction were left to mechanical engi- 
neers, but these designers were imple- 
menting the ideas of the chemists, with 
little or no understanding of the under- 
lying reasons for specific performance. 
The result was a divorce of chemical and 
engineering personnel, not only in Ger- 
man technical industry, but also in 
the universities and engineering schools 
that supplied that industry with profes- 
sionally trained men. 

The technical developments of the 
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end of the century created a new situa- 
tion out of which finally grew chemical 
engineering as we know it today. 
Around 188), the invention of the dyna- 
mo for the first time made available to 
industry cheap, direct-current electric 
power. It is difficult for the modern 
imagination to grasp the impact which 
the potential use of this new form of 
energy made upon technical men in the 
chemical field. For more than a half 
century, chemists had spent an extraor- 
dinary amount of energy on the perfec- 
tion of primary batteries, because in 
those days these were the only practical 
source of low voltage, high amperage, 
direct current. Moreover, despite the 
inherent limitations of the primary cell, 
the success achieved had been remark- 
able. The men who did this work 
recognized full well the economic possi- 
bilities of electrochemical decomposi- 
tion, once cheap power was available, 
and they looked forward enthusiastically 
to the rapid development of a new in- 
dustrial era. To appreciate the inten- 
sity of effort in the electrochemical field 
in the years immediately following, one 
reed only mention the work on elec- 
trolysis of salt of Le Sueur in 1892, 
Castner in 1893, Hargreaves-Bird in 
1894, and Carmichael in 1896. The pro- 
duction of aluminum by Hall and Her- 
oult came even earlier, in the eighties. 
In the electrothermal field, the manufac- 
ture of carborundum by Acheson was 
achieved in 1891 and of carbide by 
Wilson in 1895. The early work of 
Bradley and Lovejoy (1902) on are 
fixation of nitrogen was followed by 
the developments of Birkeland and Eyde 
(1904) and of Schoenherr in 1908. 


Beginnings of Mass Production 

The character of these electrochem- 
ical innovations foreshadowed a new 
emphasis in chemical industry, weighted 
heavily on the engineering side. Of 
even greater importance, as it turned 
out, was the trend toward mass produc- 
tion, with the concomitant increase in 
output and decrease in cost. The situa- 
tion as it existed is most easily under- 
stood from a specific illustration. Fum- 
ing sulfuric acid had long been made 
by the distillation of ferric sulfate 
formed by the weathering of pyritic 
shales ( Nordhausen acid). Even as late 
as 1880, this was a major source, fifty 
per cent oleum costing eight cents a 
pound. The sulfate was distilled in 
small earthenware flasks containing 
batches of less than two pounds each. 
As long as oleum was only a laboratory 
chemical, this was not serious, but when 
it became necessary to use it for such 
purposes as the oxidation of naphthalene 
in the synthesis of indigo the situation 
became intolerable. The development 
of the contact process, one of the early 
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outstanding achievements of modern 
chemical engineering, was the result. 
The tides of industrial expansion 
moved inexorably to sweep the leader- 
ship out of the hands of Germany. The 
development of hydroelectric power at 
Niagara made available far larger sup- 
plies of energy than the market could 
absorb for conventional uses. Power 
companies were therefore constrained to 
offer their product for electrochemical 


consumption. ‘This necessitated large- 
scale, low-cost, long-term contracts. 


Thus, a group of great electrochemical 
industries concentrated in the area and 
expanded with extraordinary rapidity. 

As already mentioned, however, it 
was the trend toward mass production 
that was the greatest factor in the de- 
velopment of chemical engineering. In 
Germany, labor was cheap—from the 
trained chemist down to the common 
workman. In America, both chemist 
and workman were expensive. The 
costly laborsaving device which the 
American manufacturer could not af- 
ford not to use, his German competitor 
could not afford even to consider. Forty- 
five years ago, as a student in one of 
the great industrial cities of Germany, 
this author saw the piling tor the foun- 
dations of a new, large, modern business 
building driven by workmen on the 
ends of a cat-o’-nine-tails ; in this coun- 
try, I had never seen such work done 
other than by a donkey engine, even on 
construction in backwoods areas. Amer- 
ica had to keep costs down by every 
practicable device to increase the effi- 
ciency and effectiveness of human labor. 
Mass production was the solution of 
the problem. 


Consider Explosives 


The way things worked out is well 
illustrated by the explosives industry. 
Explosives are devices. 
Their use lessens the amount of human 
toil required in mining and construc- 
tion, and, where labor is dear, lowers 


laborsaving 


costs. Their consumption expanded rap- 
idly in this country in the last half of 
the century. This in turn made possible 
an enlarged scale of production, with 
its corresponding savings and lowering 
of costs. As a result of this cycle of 
increasing efficiency, before the out- 
break of World War I the production 
of explosives in this country had grown 
to the point where it was some four- 
fold that of Germany. In contrast, in 
the manufacture of dyestuffs, where the 
output of a given product was small 
and each operation had to be supervised 
by a skilled organic chemist, Germany 
was supreme and America could not 
compete, 

The sort of technical leadership re- 
quired by this new era in chemical in- 
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dustry demanded the creation of a new 
profession. The first recognition of 
the need came in England, in the at- 
tempt to establish a “Society of Chem- 
ical Engineers” in London, in 1880. 
Che project was abandoned because it 
was felt that the potential membership 
was too limited. On the other hand, 
that the sponsors knew what they were 
driving at is clear from the definition 
of the chemical engineer stated at the 
time as “a person possessing a knowl- 
edge of chemistry, physics, and mechan- 
ics and who employed that knowledge 
for the utilisation of chemical reactions 
on the large scale.” 


A Need for Education 

The first truly constructive step to- 
ward the establishment of the new 
profession came in the recognition that 
the problem was primarily one of edu- 
cation. The credit for this belongs to 
George E. Davis, who, in 1887, gave 
the first course of lectures on Chem- 
ical Engineering in the Manchester 
School. These formed the 
basis his two-volume “Handbook 
of Chemical Engineering,” published in 
Manchester, in 1901. He points out 
that “to produce a competent Chemical 
Engineer the knowledge of chemistry, 
engineering, and physics must be co- 
equal.” He recognizes the existence and 
importance of unit operations, although 
not using that term to describe them. 
He outlines and illustrates the method 
of the large-scale laboratory experi- 
ment as a first step in the evaluation of 
a proposed new process. He emphasizes 
the importance of mass-action effects, 
not only upon reaction equilibrium, but 
also upon ieaction rate and equipment 
capacity. He classifies the reactions of 
chemical industry as to type. Few in- 
deed are the really fundamental phases 
of chemical engineering to which he 
does not call attention. Unfortunately, 
his quantitative treatment of operations 
is limited by lack of data and the de- 
cidedly incomplete development of pro- 
fessional knowledge at the time. This 
in nowise detracts from the credit due 
his pioneering initiative. 


Technical 
for 


William Walker—Progenitor of 
Chemical Engineering Curricula 


In view of the situation resulting 
from the expansion of electrochemistry 
and mass production in America at the 
turn of the century and the insistent 


demand for a new type of technical 
leadership which it created, it is not 
surprising that the first effective step 


toward furnishing a sound, broad edu- 
cational trainine for the new profes- 
sion came on this side of the water. It 
was taken by William H. Walker at the 
Massachusetts Institute of Technology. 
He came to its faculty in 1902 to de- 
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velop its curriculum in chemical engi- 
neering. He recognized the importance 
of basic training in chemistry and espe- 
cially the value of the new discipline in 
He understood the 
grounding in 


physical chemistry. 
necessity for thorough 
the techniques of engineering and in 
the difficult art of applying the sciences 
to the solution of practical problems 
On this basis he introduced the curricu 
lum for the training of men for the new 
profession; in essentials, it is the cur- 
riculum found universally in American 
schools today. 

Walker also appreciated the import 
ance of research in industry and the 
value of education by He met 
this phase of the problem by the organ 
ization in 1906 of what two years later 
became the Institute’s Research Labora 
tory of Applied Chemistry, for the 
training of the student through work on 
problems of industrial con 
ducted cooperatively with industry it 
self. A few years later he organized 
the Institute’s School of Chemical En 
gineering Practice, which had been es 
tablished through the efforts of Arthur 
D. Little. Here the student was given 
in the plant the engineering equivalent 
of the hospital internship for the young 
medical graduate. 

The new profession got its trial by 
fire in World War I. American chem 
ical industry had to expand to an extra 
ordinary degree, not only to meet the 
demands made upon it by the military 
requirements of England and France 
and, later, the United States, but also 
to satisfy the world markets hitherto 
supplied by European industry. The 
achievement accomplished perhaps can 
best be illustrated by Edgewood Arse 
nal—a plant built under war conditions 
from the ground up tor the synthesis 
of toxic gases, manufacturing new pro- 
ducts by processes that were likewise 
almost wholly new. Parentheticallv, this 
plant was built and put into successful 
operation by the same Walker who. 
by his contributions to education, had 
started the chemical engineering profes 
sion on its way. 

The war put American chemical in 
dustry firmly on its feet. In the profes 
sion it infused a self-confidence without 
which the progress of the industry in 
the succeeding decades would have been 
impossible. However, the climax of 
achievement came in the chemical de- 
velopments of World War IT. At the 
end of that struggle, not America alone, 
but the rest of the world as well, realized 
that in the chemical engineering profes- 
sion there was indeed something new 
under the sun. 


doing 


research, 


This paper was presented at the Centen 
nial of Engineering, Chicago, Ill, as part 
of the Symposium Program, Section VIII 

Chemical Industries, held Sept. 9, 1952 
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KINETICS OF UNCATALYZED VAPOR- 
PHASE HYDRATION OF ETHYLENE 
OXIDE 


M. D. Straube and F. Kuroto 
University of Kansas 
he experimental results are given ot a 
preliminary kinetic study of the uncata 
lyzed vapor-phase hydration of ethylene 
oxide to form ethylene glycol. The reaction 
was carried out under single-pass flow con 
ditions over a temperature range ot 300° to 
400° F. under a pressure of 30 Ib./sq.in.abs 
A single mole ratio of steam to ethylene 
oxide of approximately 5:1 was used 
throughout this study. The maximum con- 
version was limited to about 20 of the 
ethylene oxide feed to avoid the tormation 
of higher glycols. Although the order of the 
reaction could not be definitely established 
the results of this investigation appeared t 
he consistent with those of the liquid phase 
reaction 
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Chem. kng. Progress Symposium 
“Reaction Kinetics and Transfer 
esses,” 48, No. 4, 98 (1952) 


CATALYTIC OXIDATION OF NITRIC 
OXIDE ON SILICA GEL 


R. W. Baker, H. N. Wong, and 
O. A. Hougen 
University of Wisconsin 


he oxidation of nitric oxide is unique in 
that the rate of the torward 
diminishes with increase in temperature for 


reaction 


the uncatalyzed gaseous reaction. In_ this 
investigation a similar temperature effect 
was found for the reaction catalyzed by 
silica gel. Of twenty or more postulated 
mechanisms, it was found that one was rate 
controlling, namely, the surface reaction 
between the complex nitric oxide (NO) 
with unadsorbed oxygen. Rate equations 


were established based upon unit mass of 
catalyst over the ol commercial im 


terest 


Chem. Eng. Proaress Symposium Series 
“Reaction Kinetics and Transfer Pro 


esses,” 48, No. 4, 103 (1952). 


CATALYTIC OXIDATION OF NITRIC 
OXIDE ON ACTIVATED CARBON 


M. N. Rao and O. A. Hougen 
University of Wisconsin 

he homogeneous oxidation of nitric ox 

ide to mitrogen dioxide im the gaseous 
phase is slow, especially at low concentra 
tions (1 to 3%). The possibility of using 
activated carbon as a catalyst was investi 
gated by means of a series-type flow re 
actor, and a rate equation to represent the 
plausible mechanism of this catalytic oxi 
dation is offered. A comparison of the 
homogeneous reaction with the catalytix 
reaction using silica gel and activated car 
bon as catalysts is made in terms of reaction 
rates and reactor volumes. 


Chem. Eng. Progress Symposium Series 
“Reaction Kinetics and Transfer 
SSC ie 48. No. 4 110 (1952) 
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he RECENT years continuous chem- 
ical processing has become firmly 
established as the assembly-line tech- 
nique of the chemical-process industries 
The adaptation of continuous operations 
in place of the time-honored batch 
methods has been advantageous espe- 
cially in operations where uniformity of 
product, reduced labor costs, the elimi- 
nation of dead times (e.g., charging and 
discharging, heating-up and_ cooling- 
down times), and enhanced plant and 
labor productivity have resulted in a 
pronounced decrease in the cost of pro- 
duction. However, continuous opera- 
tions may not always result in decreased 
production costs, as a consequence of 
the decreased over-all reaction rate in- 
herent m a continuous-reactor system. 

With chemical industry today strain- 
ing to meet peak production demands in 
the face of rising costs, the conversion 
from batch to continuous processing 
may provide the single solution to this 
dual problem, It is important to recog- 
nize that it is from batch-reaction data 
that the continuous system most often 
is designed, Often, only minor altera- 
tions in equipment, piping, and valving 
can mechanically implement the conver- 
sion. The resulting system, too, can pro 
vide tor either batch or continuous oper- 
ation, with batch operation reserved for 
start-up and emergency operations. In 
an over-all sense the conversion from 
batch to continuous operation is the 
logical next step, with the batch data 
and equipment providing the necessary 
groundwork. 


The Problem 


Pilot-plant batch data are most useful 
for the design of economically optimum 
commercial continuous-reactor systems, 
With the pilot-plant batch reactor there 
can be accumulated the reaction velocity, 
heat transfer, and mixing data neces- 
sary. The scale-up may then be straight 
forward if the role of the mixing equip 
ment is properly taken into account. The 
nuxing equipment affects the flow  pat- 
terns and level of dispersion of the re- 
actants and hence reaction kinetics and 
heat transfer. It also affects the short- 
circuiting of the reactants in the con- 
tinuous reactor from inlet to outlet. 

In Figure 1 a_ typical liquid-phase 
continuous - reactor system is 
shown. The vessels are series connected 
so that the effluent from the first re- 
actor is the feed to the second, the 
effluent from the second reactor is the 
feed to the third, ete. Other more com 
plicated arrangements forming series 
and parallel circuits might be used. 
Mixers are fitted into each reactor, and 
the vessels are jacketed for heat trans- 
fer. The effective use of batch data de- 


vessel 
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The Design of Commercial 
Continuous-Reactor Systems 


International Engineering, Inc., 


mands that the following design pre- 
mises for continuous operation exist: 


1. The mixing in each reactor is such 
that essentially homogeneous mixing 
obtains or no concentration gradient 
exists. 

2. The reactant concentrations in the 
exit stream from each reactor are 
identical with the concentrations in 
the reactor. 

3. The reactant throughput rates and 
concentrations are constant over the 
period during reaction, 

4. The reaction rates in the continuous- 
reaction system will be the same as 
for the batch-reaction system when 
the concentration of the reactants ts 
the same in both systems at the 
same point in the reaction. This as- 
sumption is not true where simultan- 
eous or side, or irreversible reactions 
are involved. 

5. The reaction-velocity curve does not 
pass through a maximum or minimum 
during the course of the reaction. 

6. The concentrations of the reactants 
are additive with respect to volume, 


~ 


From Pilot-Plant Batch Data 


A. P. Weber 


Dayton, Ohio 


These design premises either ex- 
pressed or implied, in whole or in part, 
have formed the foundation for past 
investigations (1-14) of the theory of 
continuous liquid-phase mixed-tank re- 
actor systems. The mixing system em- 
ployed in the reactor sequence either 
establishes or destroys the validity of 
these underlying assumptions. Chemical 
engineering design theory, like reaction 
kinetics and heat transfer, is dependent 
upon an understanding of the role played 
by the mixing equipment. The use of 
pilot-plant batch data therefore must 
include proper analysis of the mixing 
system. Both a conversion and a scale- 
up problem are involved. The elements 
of the problem involve reaction kinetics, 
economics, short-circuiting, and heat 
transfer. The liquid-phase matrix in 
which these problem elements are re 
solved: exerts its influence through the 
mixing or flow patterns obtaining 
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FIG. 1. Continuous Mixer-Reactors Operating in Series 
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Reaction Kinetics 


In batch reactors or tubular-type con- 
tinuous reactors, the well-known kinetic 
tate equations are applicable but do not 
adequately define the material balance 
that obtains in a continuous-stage-reac- 
tion system. In these systems the pri 
mary reactant ts continuously 
removed by the reaction process as well 
as by the effluent stream from the re 
action. Simultaneously the reactant is 
being continuously replenished by the 
feed stream to the reactor. At the steady 
state the partial rates of gain, and loss 
of reactant are balanced, so that the net 


being 


change in reactant concentration in each 


vessel is zero; that is 


(oC ) 


at ot 


influent 


effluent 


reaction 


ot 


(1) 


The influent and effluent partial de- 
rivatives can be evaluated readily by 
considering the change 
over a time interval Af and then 


concentration 
form 
ing the derivatives: 


( = feed concentration to reactor i 


( = reactant concentration re- 


actor 1 1 


reactant concentfation im re 


actor 1 
= volumetric throughput rate 
I” = volume of a reactor, all reac 


tors assumed as _ having 


equal volume 


The partial derivative which accom 
modates the reaction in this continuous 
system is identical with that in a batch- 
wise system and for convenience can be 
defined as K ; that is, for the reaction 


ad + bB + dD-—(products) (3) 
the kinetic equation is 
at i 
(4) 


It is not essential to know the analytic 
expression for this partial derivative, 
sitice a batchwise experimental deter 
mination of C, vs. A provides sufficient 
data to complete the design of the sys- 
tem, using a graphical method. It should 
be kept in mind that Equation (3) does 
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Operating diagonals 
slope 


iM Operating line 


FIG. 2. Graphical Solution of Design Equation (10) for a Four Vessel System 


not necessarily represent a_ stoichio 
metric-reaction equation, but instead is 
used to the the 
rate-limiting step in a indi 
vidual consecutive reactions. 

The reactor divided by the 
volumetric throughput rate / defines a 
quantity @ = 1°/F having the units of 
time, and this the 
rominal or average holding time during 
which the reactant the re 
actor. The substitution of these defini 
tions and a rearrangement of Equation 
(2) gives a difference equation of the 


detine mechanism of 


series of 


volume |” 


quantity represents 


remains in 


form 


aj 

(5) 

To solve this difference equation, we 
shall consider the first vessel of the 
series, since its feed concentration of 
primary reactant is known to be C,, 
We shall now let f, the fraction of 


C,, which is converted to product in 


vessel 1. Hence, 
Substituting (6) into (5) gives: 
6 
K, K, 
(7) 


The quantity f. is defined as the 
fraction of the original primary reactant 


now 


which is converted to 
continuous- 


concentration C,,, 


product in a_ two-vessel 


stage-reaction system. Hence, 


Ca (1—fe)Ca, 


, 


Substituting (8) and into 


gives: 
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(1 (1 
0 
K. 
(7 
(9) 
In like manner it can be shown that 
the expression 
(fe ic, 
K, 
(J (fy 
(/ 
In 1 (10) 


and 


is valid for a multivessel system, 
therefore a graphical solution is allow 
able lor the numibs y of vessels required 
a conversion f,, using onl, 


to establish an 


to attain 


batchwise reaction data 


empirical curve of fC, vs. K. Sub 
scripts 1, 2, 3, 4, . n, refer to 
vessels 1, 2, 3, 4, . nm in a con 
tinuous-reactor series ; subscript o refers 
to the feed to the first reactor im the 
eTies, 


Figure 2 represents the graphical re 
lationship between the hold-up time or 
nominal holding time per reactor @, the 
incremental fractional degree of comple 
tion and the number ot 
reactors needed in series for an over-all 


per reactor, 


degree of completion f,, under the react 


ing conditions established in the pilot 
hatch reactors. 

The graphical procedure for the selec 

tion of any system is as follow- 

1. From pilot-plant batch-reactor data 
the curve fC4, vs. K must be estab 
lished 

2. The desired nominal holding times of 


the vessels must be chosen, in order 
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MIN 


COST POINT 


No. vessels in series 


FIS. 3. Graphical Solution 


‘\_oP TIMUM 


NO. VESSELS 


For Optimum Reactor System 


Recirculation ports 
Draft tube 


Dispersing mixers 


a Heat transfer coil 


Draft tube exhausting mixer 


to establish the slope of the operating 
diagonal, 


3. Starting from the origin, a line is 
drawn with slope @ until it intersects 
the fC., vs. K operating line. 


4. The ordinate at this point represents 
the prevailing concentration in the 
first reactor, which is also the feed 
concentration to the second reactor. 
Construct a horizontal line from the 
operating line so as to return to the 
{Ca, axis, when K = 0. 

Again construct a line with slope @, 
starting from the point (K = 0, 
{Ca, = f,Ca,) until the operating line 
is again intersected. 


wn 


6. Continue this process until the operat- 
ing line is intersected at a point above 
fra, which is the minimum degree 
of conversion desired from the system. 

7. The number of diagonals establishes 
the number of reactor vessels re- 
quired, operating at a nominal holding 
time of @. 

8. The throughput rate F will be estab- 
lished by the desired production ca- 
pacity, and the throughput 
rate in turn will establish the reactor 
volumes V through the nominal- 
holding-time relationship = 1'/F. 


In the foregoing analysis, there is no 


Page 28 


Typical Continuous Reactor. 


inherent limitation requiring that all 
vessels jave identical volumes. If a 
heat-transfer problem arises, for in- 


stance, such that sufficient cooling sur- 
face is difficult to realize, smaller re- 
actors can be used in some reacting 
ranges. The only modification needed is 
to adjust the slope of the operating 
diagonal to the correct value for each 
individual vessel in the series. 

This method can be used also to cal- 
culate the production capacity which 
would be realized by connecting existing 
batch systems to continuous-stage-reac- 
tion systems. However, before any de- 
sign is frozen, this design process should 
be repeated using several values of @ in 
order to establish the economically 
optimum system. This will be consid- 
ered more fully in the next section. 


Economics 


The advantages to be gained from a 
continuously reacting system can accrue 
whether a single- or multivessel system 
is used, 


As the number of vessels used 
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in a reactor series is increased, however, 
benefit can be derived from the increased 
reaction velocity in each vessel resulting 
from the reduced fractional completion 
of reaction specified for each vessel. 
Thus, as the number of reactors in series 
is increased, the total volume of the 


series system is decreased. As an in- 
finite number of vessels in series is 
approached, the continuous system 


reverts to the minimum-volume-batch 
system. An _ economically optimum 
system is clearly indicated. As the num 
ber of vessels in 
fixed charges 


series increases, the 
(amortization, interest, 
maintenance and repair costs, taxes, in- 
surance, etc.) will increase because of 
the increased investment; and the manu 
facturing charges (inventory and utili 
ties costs) will decrease owing to the 
decreased processing time. 

The curves shown in Figure 3 can be 
plotted for several systems established 
roi the previously given graphical 
tectimique (Fig. 2). Head-room and 
floor-space limitations, the availability 
of equipment, and other such special 
limitations may exert a strong influence 
in spite of the indicated 
optimum. 


economic 


Short-circuiting 


For the condition of continuous feed 
and continuous discharge, there does not 
exist any means whereby a uniform 
retention time within the reactor vessel 
for all portions of the feed is assured 
The effluent from the reactor vessel will 
be made up of portions which had stayed 
for various periods of time in the sys 
tem. Yet, the degree of completion of 
reaction does vary as a function of the 
time spent in the system. Because such 
is the case, the scale-up and conversion 
from pilot-plant batch data to commer 
cial continuous should take 
cognizance of the short-circuiting prob 
lem. To resolve the problem there must 
be obtained some quantitative picture of 
the effluent composition from the contin 
uous reactor in terms of the retention 
times in the system. 

To develop the quantitative picture, a 
draft-tube-and-mixer assembly may be 
employed (Fig. 4), in which well-baffled 
mixed-tank reactors and other con 
structions which mechanically 
short-circuiting are used. 
construction in 


reactors 


impede 
The typical 
Figure 4 was chosen 
because of its ready adaptability to 
analysis. Other specific arrangements 
may be more advantageously suited to 
specific processing demands. 

The draft tube in Figure 4, by defin 
ing the average course which any por- 
tion of the feed will travel from inlet 
to outlet nozzle, restricts to an approxi 


mate predictable value the residence 
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time of any portion of the feed in the 


reactor vessel. The draft tube also 
serves to restrict the path of the incom- 
ing stream so that new feed is subjected 
to the intensive mixing action existing 
in the vicinity of the mixing elements. 
The recirculation ports in the draft tube 
permit a recycling of a portion of the 
mix previously discharged from the 
draft tube back through the mixers. The 
draft-tube exhausting mixer creates a 
constant turnover in the reactor vessel 
by functioning as a caseless pump. 

Using the reactor vessel of Figure 4, 
the short-circuiting, or time proportion, 
of the discharge can be evaluated. If 
F is the volumetric throughput rate for 
the reactor system and Q is the recircu- 
lation rate of the draft-tube exhaustire 
mixer, then the proportion of the dis- 
charge comprising feed having made 
only one pass from the inlet to outlet 
nozzle will be //Q. It is to be noted 
here that in all cases of practical design 
F is substantially lower than O 


Let 


(11) 


Let 
(12) 


The proportion of material remaining 
in the vessel after one pass will be q; 
and hence the proportion of the feed 
material leaving on the second pass will 
be pq. Similarly, the proportion of the 
feed remaining after two passes will be 
= the proportion leaving on 
the third pass will be pq?, and so on to 
pq"—! for n passes (see Table 1). 


If two identical reactors are operated in 
series, the shortest time of stay of feed 
material in the two-vessel system will be 
two passes, one pass in the first reactor and 
one pass in the second. Of the proportion 
the first 


p of one-pass material leaving 
reactor, a proportion (p)(?P) p* will be 
discharged from the second reactor. There 


are two ways in which material can leave 
the two-reactor system after three passes 
by making one pass in the first reactor and 
two passes in the second or two passes in 


the first reactor and one in the second 
Formulating these combinations, then, 
p(pq) + 2p*q will be the total 
proportion of material leaving the two- 


reactor system after a stay of three passes. 


There are three ways in which material 
can leave the two-reactor system after four 
passes: by making one pass in the first and 
three in the second or two in the 
first and two in the second or three passes 
in the first and one in the second. Formu- 
lating these combinations, then, p(pq°) + 
pa(pa) + pa(p) 3p*q* will be the total 
proportion of material leaving the two- 
reactor system after a stay of four passes. 

Continuing with the two-reactor system 
ind subseque nt passes, the pro- 


passes 


tor five, SIX, 

portion leaving the second vessel atter 
passes can be shown to be cp*q” *, where 
c= (n—1)!/(n —2)! (see Table 1) 


An identical approach can be used for a 
three-reactor system The shortest time 
stay in the three-reactor system must 


ol 


he 
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TABLE 1.—PROPORTIONS OF FEED BY-PASSING IN EFFLUENT FROM CONTINUOUS 
MIXED-TANK REACTOR SERIES 


Number Total number of passes in the reactor system 

of vessels 

in series 1 2 3 4 5 6 7 8 n 
1 Pq rq? re pq re pq* rq" 


f*, since the proportion f* leaving the first 
two reactors in the series is discharged 
from the third aiter staying one pass in 
that reactor. For four passes there are 
three possible combinations wherein mater 
ial may contrive to stay in a three-reactor 
system, and when set down and added to- 
gether the total proportion leaving the third 
vessel will be Applying the same 
analysis to all other retentions, five passes, 
SIX passes, and so on to m passes, the pro 
portion leaving can be shown to be C'p’y" 


where (* (n—1)!/(2)(n—3)! (see 
Table 1). 
Proceeding as above for a one-, two- 


or three-reactor the 
can be developed for the general case 


system, argument 
of m reactors in series. The proportion 
(1.e., short-circuiting ) of feed materials 
leaving a continuous-reactor system of 
m vessels in series after a retention of 
m passes is a function of m,n, F. and O 
and can be written 


(n—1)! 


(m— 1) !(n—m)! 


(13) 


for all values of m from 1 to o and 
all values of m from m to o. For ex 
ample, in the case of. three reactors and 
five passes, as previously noted, the 
proportion of feed by-passing to the 
effluent from the third reactor will be 
seen from Equation (13) to be (4 x 3 x 
2X 1)/(2 X 1)(2 1) = 6p3q?. 
Since the sum of all proportions by- 
passing to the discharge from the re- 
actor series must equal 1, one may write 


n= 
(n—1)! 
n m 
(14) 


The mathematical validity of Equation 
(14) can be proved as follows. Instead 
of by-passes or, conversely, retentions 
being evaluated in terms of the number 
of passes made by feed material, the 
various retentions may be evaluated in 
terms of time measurement. The time 
& required for a single pass from inlet 
to outlet, in a continuous reactor having 
a total working capacity V’, will be 


(15) 


] 
5 
0 
All other stays or retentions in the re 
actor system would then take the form 
of nd, where n is the number of passes 
achieved. The average time spent by 
feed material in the system will be the 
sum of all retention proportions multi- 
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plied by the time of stay for each pro 


portion. When the average retention 


time in the system is @, one may write 
n 
(n 1)! 
li '(n m 
(16) 
or 
(n 1) 'n 
pms q” 
1) !(n—m)! 
m 
(17 
Expanding 
(m 1) 
a 
(m li '(n—m)! 
+1) 
1) 


(m+ 
+ a- 
(m 1)!¢2)! 
. | (18) 
m (m+ lym 
= pms 4 
0 | 
(m+ 2)(m+1l)m , 
! , 
(19 
| (m-+1) 
"om q 
(m+2)(m+1) , 
+ 
(20 


The terms in brackets represent a con 
verging infinite series whose summatio 
value is 1/(1—4q) Therefore 
Equation (20) may be written as 


mil 


prim 
q) 


(21 
(1 

Since from Equation (12) q=1-—f 

Equation (21) may be rewritten as 


prim pan 
(22 


ind denominator 


or, dividing numerator 
by 
més 
(23 


p = F/Q. || 
| Page 29 


Page 30 


But 


and 


from Equation 


(15), 6 
(11), 


V/Q 


from Equation 


/O 


(25) is 


hold-up time in continuous-reactor 
series is equal to the number of reactors 
in the series times the volume per re 
actor, all divided by the volumetric 
throughput rate. Thus, by the reduction 
of Equation (14) to Equation (25). the 
validity ol Equation (14) 
proved, 


has been 

Essentially, Equation (14) establishes 
the importance of the in-vessel recircu- 
lation rate QO, relative to the throughput 
rate, /. If the pilot plant reactor were 
a continuous-type reactor, 
(14) would establish, 
scaling up to a 


Equation 
further, that in 
commercial-sized con 
tinuous reactor the ratio //O, should 
he preserved. However, in the pilot- 
plant batch reactor, measurement of F 
cannot be made. On the other hand, the 
recirculation rate O can be established 
trom pump theory (Fig. 5), and the 
reaction volume |” The 
number of passes or recycles per unit 
time, \,, occurring in either the batch 
or continuous reactor, will be: 


is also known, 


(26) 


The reeyele rate, Equation (26), di 
rectly sets the rate at which the contents 
of the batch or continuous reactor is 
ubjected to the work of the dispersing 
mixers inside the draft tube. The ratio 
O/I” should be preserved or perhaps 
unproved in going from the pilot-plant 
batch commercial-plant continuous 
reactor if the mixing action, likewise, is 
to be preserved or improved. 

The reeyele rate and resulting level 
of dispersion provide for an indirect 
measure of the short-circuiting. The 
better the dispersion, the more nearly 
will the reactant concentrations in the 
exit stream be identical with the con- 
centrations in the reactor and the dele- 
terious effects of 


short-circuiting — be 
minimized, 


Heat Transfer 


Heat transfer to maintain reaction 
temperature may or may not exist as 
part of the design problem. Either 


heating or cooling may be involved. The 
heat-transfer means may take the form 


of coils, jacketed surfaces, electrical re 


F/O. 
Hence, Equation (23) may be written: 


(24) 


axiomatic in its 
mathematical statement that the average 
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theoretical circulating capacity, gal./min. 


FIG. 5 


(where diameter 


sistance elements, or direct firme. Ade 
quate coverage of the scale-up problem 
for all the conceivable heat 
transfer clearly is beyond the intended 
scope of this paper. However, some 
general remarks pertinent to this discus 
sion seem to be in order. 


Cases of 


Heat transfer in liquid-phase stirred- 
tank reactors implies heating or cooling 
principally by convection. The transfer 
of heat by convection involves the mix 
ing Oo. mass transfer of those streams 
which are or have been in direct contact 
with the heat-transfer surface with con- 
tiguous portions of the reactor contents. 
The effectiveness of the mixing action 
will in most cases determine the mag- 
nitude of the over-all coefficient of heat 
transfer and hence determine the 
of heating or cooling. 


rate 


Advantage can be taken of the mixer 
and draft-tube arrangement of Figure 4 
to produce a forced drift of liquid past 
a coil bank or jacketed vessel shell to 
improve the heat-transter rate and give 
sharper definition to the problem. For 
scale-up purposes from the pilot to the 
commercial-sized reactor, having main- 
tained or improved the ratio of O/I- 
(see Equation (26)), the linear drift 
velocity past heat-transfer surfaces 
should also be maintained or improved. 
The average linear drift velocity 7 will 
be described as in Figure 4 by 


2/4(D,* 


Solution to a Typical Design 
Problem 


To illustrate a typical application of the 
design methods previously discussed, as 
sume a pilot-plant batch reaction. The 
reactor is of the type shown in Figure 4, 
with 24-in. I.D. by 36-in. straight-side 


height, working capacity 65 gal., draft tube 
L.D., dual 3-in. diam 


4-in by 3-in. pitch- 


Propeller Mixer Pumping Capacity 


pitch) 


propeller mixer assembly rotating at 
rpm. from a '4-h.p. motor. 


1750 


The problem involves the con 


an available vessel 72-in. 


version ot 


1D. bv 96-in 


straight-side height, holding capacity 1800 
gal., to a continuous reactor. The produ 
tion rate for the 1800-gal. vessel must be 


determined and mixing equipment selected 
A comparison of the production capacit 
of the continuous reactor against its use 
as a batch reactor is also wanted. If used 
as a batch reactor, the reaction time would 
be the same as for the batch pilot reactor. 
However, the batch reactor would operate 
85% full, and the charging time would be 
18 min., the discharging time 30 min., and, 
heating-up and cooling-down times 40 min 

lo develop the curve of 


as in 
Figure 2, data for the pilot-plant batch 
reaction of the strategic component 4, con- 
centration vs. time is accumulated. Such 
typical data are given in columns 1 and 


2 of Table 2. From columns 1 and 2, A 
can be determined by graphical differentia 
tion, resulting in column 3. The fractional 
comygrsion f, column 4, can be computed 
as well from columns 1 and 2 by dividing 
the difference between (, at time zero and 
(. at the other time measurements by the 
value of C, at time zero The values of 
(Ca, in column 5 iollow by multiplying the 
values of f in column 4 by the value of ( 


at time zero. from columns 3 and 5 the 
operating line of Figure 2 can be drawt 
Since one-vessel contimuous-reactor 


system is to be used, the full graphical solu- 
tion for the economic optimum number of 


TABLE 2—TYPICAL REACTION 
VELOCITY DATA ‘ 
(1) (2) (3) 4 5) 
moles 
Time, moles liter i 
min liter min f {o 


2 7 

3 2.7 0.50 0.46 23 

5 2.0 0.27 0.60 0 
10 0.9 0.17 0.82 4.1 
13 05 0.08 0.90 

16 0.3 0.035 0.94 47 
21 0.2 0.01 0.96 48 
50 0.95 0.001 0.99 4.95 
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vessels can be omitted. (This particular 
problem was in fact chosen to spare the 
reader from the straightforward but 
space-consuming operations involved. ) 

The continuous-production rate attain 
able with the available vessel will depend 
upon the fractional completion of reaction 
set for the process. From the data in Table 
2 the necessary computations can be pet 
formed. These computations for each of 
the fractional completions of reaction of 
Table 2 are summarized in Table 3. For 
example, typical entries in Table 3 were 
computed as follows 

To achieve a fractional conversion of 
0.96, the AK for the reactor will be 0.01 
mole/liter-min. and fCa, will be 4.8 moles/ 
liter, from Table 2. The necessary reaction 


time from Equation (7) 
a, 48 
6= K 001 4800 min 
TABLE COMPARISON OF PROBLEM 


DIFFERENT FRACTIONAL 
REACTION 


RESULTS FOR 
COMPLETIONS OF 


Ratio of 
Production rate, gal. min. continuous 
Fractiona to batch 
completion Batch Continuous production 
of reaction operation operation rates 
0.32 17.0 aSO 50.0 
0.46 16.8 192 23.3 
0.60 16.4 162 
0.R2 15.5 74.5 4.80 
15.3 31.9 2.08 
O94 14.8 13.4 0.905 
oue 14.2 3.75 0.265 
0.99 12.0 O.363 0.0302 
The volumetric throughput rate will be 
1800 
3/9 
I 3x0) 75 gal./min 


By comparison the batch-reactor-produc 
tion capacity when operating 85% full and 
taking into account the charging, discharg- 
ing, heating-up and cooling-down times will 
he 


(0.85) (1800) 


? 
(20 + 18 + 30 + 40) 14.2 gal./min. 


Thus, for this condition, as a continuous 
reactor the production rate is 3.75/14.2 = 
0.26 the batch-production capacity 

From Figure 5, the theoretical, circulat- 
ing capacity O in the pilot-plant batch re- 
actor fitted with 3-in. diam. propellers will 
be 150 gal./min. From Equation (26) the 
recycle rate of the pilot batch reactor is 
(150)/(65) = 2.3. passes/min. To con- 
serve this value in the commercial continu 
ous reactor, the mimmum © should be 
(2.3) (1800) = 4,130 gal./min. Thus, from 
Figure 5, the continuous reactor can be 
fitted with a 15-in. diam. * 15-in. pitch 
propeller type draft-tube exhausting mixer 
rotating at 400 rev./min. This will consume 
approximately 1'4 hp. in water (sce Fig 
6). 

The linear drift velocity past the heat- 
transfer coils in the pilot batch reactor will 
be theoretically from Equation (27) 
(150)/(7.5) (9/4) (2? — 0.337) = 6.7 ft. 
min. In the commercial continuous reactor 
using a draft-tube diameter of 16 in. to 
accommodate 15-in. diam. propellers the 
linear drift velocity will be (4,130) 
(7.5) (9/4) (6 — 1.337) 20.5 ft./min 
This is an improvement over the pilot batch 
reactor for heat-transfer purposes. Here, 
a draft-tube diameter adjustment could 
have been made if necessary. If two addi- 
tional 15-in. diam. propellers were employed 
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as dispersing mixers inside the draft tube 
of the commercial continuous reactor, the 
total mixer horsepower consumption would 
become 3 I! 4°. hp. 


Batch vs. Continuous Operation 


The solution to the typical design 
problem as summarized in Table 3 
makes possible a comparison of batch 
continuous determine 


the desirability of converting to contin 


Vs. operation to 


vous operation. General conclusions can 
be drawn which also would hold true 
had a multivessel system been calculated, 
although with a multivessel system the 
calculated results would have shifted in 
favor of the continuous system. 

Table 3 portrays the sensitivity of the 
production capacity of a continuous re 
actor with the fractional completion of 
reaction achieved. In going from 32 to 
99% completion of reaction the batch 
production rate remained relatively con 
stant, while the continuous-production 
rate decreased by about a factor of 2000, 
Of course, the variation in the batch 
rate would have been more pronounced 
if the dead times (i.e.. charging, dis 
charging, heating up, down ) 
had not constituted so large a percentage 
of the over-all processing time. How 
ever, even with the elimination of dead 
times a factor of 10 in batch-production 
rate variation hardly compares with a 
factor of 2000 for the continuous rate 
variation. Practical continuous plant 
operation, especially the instrumentation 
and control, demands that scrupulous 
attention be given in the process design 
to this sensitivity. 

Table 3 also exhibits the sometimes 
unfavorable production-capacity charac 
teristics for continuous-reactor systems 
notwithstanding the benefits which ac 
crue, as were enumerated at the outset 
These production-capacity characteris: 


cooling 


tics may increase the cost of production 
when compared to batch 
Usually, these unfavorable rates ensue 
when a high percentage completion of 
generally 


operation 


reaction is to be achieved, 


95% of coincident with ex 


tended 
or more when measured batchwis« 


greater, 
generally ' hr 
This 


chem 


reaction times, 
the case with organi 
With 
times are usually so 
that an advantage for the 
will 


is usually 


ical systems inorganic systems 


reaction short, of 
instantaneous, 
continuous-reactor svstem accrue 
in spite of a high percentage completion 
of reaction, 

As the number of reactors emploved 
the 
shifts im 


The 


determining 


in series is increased, production 
the 
pres 
iously the 
economically optimum system should be 
the 


This result can then 


rate comparison favor of 


continuous system method 


pre sented for 


used to determine mininum-cost 
continuous system 
be compared with the batch system cost 
In the final analysis production capacity 
per unit volume of equipment is only 
Other factors 


uniformity ete.) 


part of the story (e.g 


labor costs, product 
exert their influence on the over-all cost 
These other factors may 
operate to the 

system even though 


of production 
and usually 
continuous-reactor 
the production capacity per unit volume 


do, select 


of equipment may favor the batch sys 
Table 3 points up in bold rehet 
capacity 


tem. 
the advantage in production 
per unit volume that a continuous-reac 


tor system can enjoy over a_ batch 
system. It will be noted that the advan 
tage lies primarily where the final 


percentages of reaction completeness can 
be sacrificed, From Table 3 it is appar 
ent that the 
batch-reactor 
follows the exponential reaction-velocity 


ratio of continuous- to 


production rates roughly 


curves typical of the classical orders of 


20 


Propeller diameter, in. 


as 


s Jo 


mixing horsepower in water 


FIG. 6. Propeller Mixer Power Consumption 


(where diameter 
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pitch) 


te 
CC 
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reaction. When the fractional comple- 
tion of reaction is high, the reaction 
rate is low, and in turn a low production 
rate from a continuous reactor is to be 
expected. However, resort to a multiple- 
reactor system, so that the first reactors 
in the series operate on a higher reaction 
rate, can markedly improve the over-all 
result. In fact, where high degrees of 
reaction completion are required, a 
multiple-reactor—series system is clearly 
indicated and usually prevails from 
economic considerations. These multiple 
systems most often do not exceed four 
to six reactors in series. 


Summary 


To obtain the benefits from continu- 
ous-mixed-tank-reactor systems pilot- 
plant batch data can be used to advan- 
tage for design purposes. Both a scale 
up and a problem are 
involved. The elements of the problem 
involve reaction kinetics, 
short-circuiting, and 
transfer. 


conversion 


economics, 
heat 
The liquid-phase matrix in 
which these problem elements are re 
solved exerts its influence through the 
mixing system employed and the flow 
patterns obtaining. 


sometimes 


Working against continuous reactors 
is the dilution or reduced-concentration 
potential for The reaction 
time for a continuous reactor can be 
theoretically written, and a_ graphical 
solution to the problem of multiple- 
reactor systems can be used. From this 
information the number of reactors re- 
quired in series, their size, and their 
production capacity can be ascertained, 

The economically optimum continuous 
system can be established either analyti- 
cally or graphically. This optimum re- 
sults because, as the number of reactors 
employed in series increases, the fixed 
charges increase, while the manufactur- 
ing charges decrease. As the number of 
reactors in a 


reaction, 


series is increased, the 
total volume of the system decreases. 

Because of short-circuiting, the efflu- 
ent from the reactor system may be 
made up of portions which had stayed 
for various periods of time in the sys- 
tem. The extent of short-circuiting may 
be quantitatively evaluated in terms of 
the number of reactors in series, the 
in-vessel recirculation rate, and the 
volumetric throughput rate for the sys- 
tem. The importance of the in-vessel 
circulation rate for the pilot-plant batch 
reactor for scale up, and conversion to 
the commercial continuous reactor is 
demonstrated if the,deleterious effects 
of short-circuiting are to be taken into 
account. 

For scale-up purposes of temperature- 
controlled reactions the linear drift ve- 
locity, established by the mixing system, 
past heat-transfer surfaces should be 
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maintained or improved. Moreover, the 
effectiveness of the mixing action di- 
rectly bears upon the over-all coefficient 
of heat transfer. 


The solution to a typical design 
problem makes possible a comparison 
of batch vs. continuous operation to 
evaluate the desirability of going to con- 
tinuous operation. The production rate 
for a continuous-reactor system is highly 
sensitive to the fractional completion of 
reaction achieved and should be care- 
fully scrutinized in the process design 
especially as instrumentation and proc- 
ess control is affected. The problem 
covers a range of operation and helps 
establish generalizations for the condi- 
tions when continuous operation excells 
from the production-rate viewpoint and 
the batch system yields a more favorable 
result. 
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Associates, has been 


Notation 
C = reactant concentration 
= reactor diameter 
D, = draft-tube diameter 
f = fractional conversion of reac 
tant to product 
F = volumetric throughput rate 


K = reaction rate 
= number of reactors in series 
n = number of recycles in reactor 


N, = recycle rate 


fp = proportion of discharge having 
made only one pass in reactor 

q = proportion of material remain- 
ing in reactor after having 
made only one pass 


O = volumetric recirculation rate in 
reactor 


t = time 
v = linear drift velocity 


I’ = reactor volume 


Progress 


5 = the time required for a single 
pass from inlet to outlet 


6 = nominal holding time of reac- 
tants in reactor 


Subscripts 


eae S n, refer to re- 
actors 1,2,3,4. . . min series 
0 refers to feed stream to first 
reactor in series 
a refers to reactant 4 
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Discussion 


C. R. Bartels (E. R. Squibb & Son, 
New Brunswick, N. J.): Can you give 
us an idea of the relationship which 
must exist at equal production rates for 
batch and continuous reactions, and de- 
gree of completion and dead time? It 
seems to me that is the break-even point 
and there must be a simple way of re- 
lating these. 

A. P. Weber: I don’t know of any 
such simple relationship. It depends 
upon the specific process. It depends 


also upon the economics dictating the 
mechanical design for the process. The 
process and mechanical design, together, 
would make for a different relationship 
for each plant system. 

E. F. von Wettberg, Jr. (Du Pont 
Co., Wilmington, Del.): I agree re- 
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garding the importance of continuous 
reaction systems. They are certainly 
vitally necessary today as components of 
continuous processes. Mr. Weber's 
proposition of using experimental batch 
data as the basis of design for continu- 
ous reaction systems has received fairly 
general acceptance. This is indicated by 
its use by many recent investigators, 
many of whom he has listed in the 
bibliography. 

Ihe author recognizes certain neces- 
sary assumptions such as thorough mix 
ing, constant feed rate, and composition. 
He also, in the presentation, has men 
tioned some of the other implicit as 
sumptions. I refer you for further de- 
tails to Jones (3). There is one of those 
points which | think need some further 
emphasis; namely, the rite of reaction, 
or what the author calls the strategic 
component, must depend only on its 
concentration. I think it needs to be 
said there are a good many cases en- 
countered, in practice, where this as- 
sumption is not valid. Consequently, we 
need to check back to find out whether 
it works the same way in a continuous 
process as in batch process, by making 
small-scale continuous tests, as 
hatch tests, 

| also think it should be emphasized 
that when good batch reaction-rate data 


well as 


are available and they are entirely ap 
plicable, then it is 
slope of the line relating 
concentration to time at the particular 
interest in 
indicate the Of course, 
similarly, if the rate can be 
easily expressed as an exact differential 


only necessary to 


determine the 
concentration of order to 
reaction rate. 
reaction 


equation, you can do the same thing 
analytically. Following along the same 
lines, the size of multiple reactors can 
be similarly determined by Jones’ method 


> 


(3) or another method proposed (J) 


R. B. MacMullin (R. B. MacMullin 
Associates, Niagara Falls, N. Y.): One 
of the references cited by A. P. Weber 
is a paper by R. B. MacMullin and 
Matthew Weber (4). The present Mr. 
Weber is no kin of the prior Mr. Weber 

Phe graphical procedure described for 
determining the composition of the ef 
fluent from the reactors of a continuous- 
flow stirred tank reaction system is es 
sentially the same as that described by 
R. W. Jones (3). In Figure 2 of Mr. 
Weber's paper, the co-ordinates are in- 
terchanged, compared to the Figure 4 
of Mr. Jones’ paper. 

Mr. Weber’s derivation of retention 
time is based on consideration of the 
pumping rate of the agitator as related 
to feed rate, and the number of passes 
a particular particle takes while retained 
in the reactors. Previous derivations 
were based on consideration of proba- 
bility in a substantially homogeneous 
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FIG. A. Three Possible Circulating Arrangements in a Single Stage of Continuous Mixing 


medium. Mr. Weber's method is essen 
tially that of difference calculus; the 
probability method made use of differ- 
ential calculus, at least as regards the 
state of affairs in any particular reactor 
I find that the two methods are con 
cordant only if the recycle rate O/F 
is large, sav 20 or larger 


Using Mr. Weber's symbols: 


time to make one pass ra 
time to make passes ¢ n° 
nominal holding time @ = i 
retention t ne 0 


We must now consider three possible 
arrangements for introducing feed (see 
Figure A): 

Since p 
ing made only one pass, 


fraction of outflow hav 


For Case l, 


t/@ 
Case | 5 1.0 
Case Ill 
F 
whence 7A 7 
and ¢ p 


JBATCH REACT ON DATA 
we, 
4 
1,8 
a 
a 


FIG. B. Graphical Solution for Single Stage 
Reactor. 

Instead of the calculated degree of reaction 

(point a), a lesser value is obtained (point a’) 


a’ (ab) 


4 (ac) 


Retention efficiency E, 
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For Case I] (used by Weber in his de 


rivation) 


whence n*p:@ 


If we define y as the fraction of the 
feed retained for time ¢, then 


For Case Il], as in MacMullin’s deriva 
tion, 


It can easily be shown that for all values 


of 
Example: 
4 
500 l 9 387 
250) l 10 348 
308 


The higher the recycle rate 1,/p (that 
is, the smaller the value of p), the more 
does the time calcu 
I and Case II approach 


closely retention 
lated by Case 
the true value calculated by Case III 

Since the over-all rate of reaction de 
pends on the holding time of the ele 
ments of flow in the reactor, it is ob 
vious that Case I will give too high a 
calculated conversion, and Case II, too 
low a calculated com 
pared to Case III. 

So far, both Mr. Weber and all previ 


ous contributors to the theory of con- 


conversion, as 


tinuous stirred reactors have considered 
kind of short-circuiting one 
obtains with well-agitated reactors, in 


only the 


which the tank contents are substantially 
homogeneous. If now there is some sort 


of short-cut, or channelized flow between 
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inlet and outlet, so that the tank contents 
are not homogeneous, it is obvious that 
some portion of the flow will have a 
shorter nominal holding time @ than the 
rest of the flow. This will cut down the 
average value of @ and will lower the 
conversion in a reacting system. The 
purpose of the agitator is to prevent the 
channeling and to approximate a homo 
yeneous condition. It therefore occurs to 
me that it should be possible to evaluate 
the efficiency of a stirrer by studying 
the conversion rate of a reacting system 
who-e kinetics are known. 

Referring to Figure B in my comments 
here, the curved line represents the 
known conversion rate df/dt as a func- 
tion of f. The line A is drawn through 
(if the feed is unreacted) 
with a slope equal to 1/0 = F/I’, as in 
the Jones graphical method. The point 
of intersection f gives the calculated con 
version f = a, 
mixing, 

If. now, it is observed that the actual 
conversion is somewhat less, say f = a’, 
this means that the agitator is not doing 
its stuff. Locate the point b’ on the rate 
of reaction curve, and connect it with 
the origin. The line B now represents 
the actual operating line, with a slope 
1/0’. 

We can now define the retention ef 
licieney as follows: 


the origin 


assuming homogeneous 


We are now in a position to try out 
the effectiveness of different stirrers in 
a given tank, and also the effect of revo- 
lutions per minute and horsepower on 
the effectiveness of a given. stirrer. 
There are no limitations as to type of 
agitator—it can be one of Mr. Weber's 
draft tubes, or a propellor, or a turbine, 
or a gate agitator, or merely a stream 
of compressed air. 

One doesn't have to look far to find 
a suitable reacting system. First-order 
systems, particularly organic, will prob 
ably be the most suitable. Holding times 
should be adjusted to obtain a conver- 
sion in the middle range—say 30 to 
70%. 

I feel that this method of approach to 
the study of mixing has some merit and 
that it should be investigated. One of 
the merits of Mr. Weber's paper is that 
it has stimulated some of us to thinking 
beyond the immediate scope of its 
contents, 


R. W. Jones (Monsanto Chemical 
Co., Springfield, Mass.): Albert B. 
Newman (now deceased), formerly pro- 
fessor at the City College of New York, 
has written the editor of Chemical En- 
gineering Progress (5) pointing out that 
the graphical method presented in my 
earlier paper (3) and discussed here by 


Mr. Weber is a generalization of the 
graphical method presented by Eldridge 
and Piret (2), who limited themselves, 
quite unnecessarily, to 
known order. 


reactions of 


Mr. von Wettbherg made perti- 
nent comments. There is a very funda- 
mental difference between the assump 
tions and conditions necessary for Mr. 
Weber's, Eldridge and Piret’s, and my 
essentially identical graphical methods 
and assumptions and conditions neces 
sary for the analytical method presented 
here by Mr. Weber, and the general 
graphical method first presented by Mr. 
MacMullin in 1935 (4). Mr. Kandiner 
(now with the Barrett Division in Phila 
delphia) first pointed out to me that Mr 
MacMullin’s graphical method gave dif- 
ferent results from mine on identical 
theoretical data for 
other than first. 

The difference is essentially this: Mr. 
MacMullin’s graphical and Mr. Weber's 
analytical methods both make the as 
sumption that the degree of completion 
of the reaction for each discrete mole- 
cule or particle depends only on the 
time that the molecule or particle re- 
mains in the continuous reaction sys 


reaction orders 


tem and is independent of the environ- 
ment or path followed by the particle. 
Mr. Weber's, Eldridge and Piret’s and 
my graphical method, however, assumes 
that the reaction rate is a function solely 
of the concentrations of the reactants 
and not of their past history in the reac- 
tion system, 

For example, let us take a three-re- 
actor system and watch incremental par- 
ticles travel through the system. One 
such particle or molecule may remain 
in the first reactor for 99% of its total 
time and then pass through the last 
two in 1° of its time in the system. 
\ second particle or molecule might stay 
in the first and second reactors only 1% 
of its time, and then remain in the third 
reactor for 99% of its time in the sys- 
tem. Mr. MacMullin’s graphical method 
and the analytical method of this paper 
assume that, provided the total times 
spent in the above system were the same, 
both particles or molecules would have 
undergone the same amount of reaction 
regardless of the concentrations of re- 
actants in the first and third reactor. In 
general, such an assumption will not 
be true. 

1 believe that the assumptions neces- 
sary for the graphical method presented 
by Weber, Eldridge and Piret, and my- 
self will be valid for a far greater num- 
ber of cases than the assumption re- 
quired above. Both methods can be 
wrong, but you should determine by ex- 
periment—and I believe it can normally 
be done by a batch-type experiment— 
which, if either, of the two assumptions 
is valid. 
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I would also like to suggest a method 
whereby the general graphical method 
and its assumptions can be applied to the 
draft-tube type of reactor for which Mr 
Weber has proposed his analytical ap 
proach. You could use the same method 
as is illustrated by Figure 2 except you 
would need to travel up the fCa, vs. K 
“operating line,” a distance which would 
correspond to the amount of reaction 
occurring during the turnover time 
(1 Y) in the draft-tube reactor before 
constructing the next 
onal.” 


“operating diag 


A. P. Weber. Very briefly, with the 
proportions I give, | am taking a sta 
tistical approach. This probability ap 
proach allows for deviations of different 
magnitude at any instant. 
mathematically 
conditions at any instant. 


P. M. Reilly ( Polymer Corp., Sarnia, 
Ont., Canada): Mr. Weber ta'ked about 
reaction time, economics, and heat trans 
fer as being the principal factors affect 
ing scale-up. There is one other matter 
which perhaps should be emphasized- 
he touched on it a little bit. That is the 
effect of the number of vessels on con- 
tact time distribution. Where there are 
a number of vessels in series in such 


However, it 


describes the probable 


a case as has been discussed, the 
contact time distribution varies widely. 
For instance, with a continuous reactor 
consisting of a single stirred tank with 
no draft tube, there is a wide distribu 
tion of contact times with the most prob 
able ones very short. If the total volume 
of the system and the flow rates are held 
constant and the number of tanks in 
series increased, the most probable con- 
tact time increases and the distribution 
becomes narrower. 

Now in certain types of reactions that 
is an important consideration, in par- 
ticular the manufacture of synthetic rub 
ber by emulsion polymerization. In that 
case the molecular weight distribution 
has great effect on product quality and 
molecular weight distribution. 
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Economics of Acetylene by Wulff Process 


peo if available at an attractive 
price, 1s an important raw material 
for the synthesis of a wide variety of 
useful Until recentiy, all 
acetylene used in the United States was 
prepared by the classic method of mix 
and 
applications of 


chemicals. 


ing calcium carbide with water. 


large-scale chemical 
acetylene have been keved to the econ- 
calcium Wherever 
possible, process units which required 


omy of carbide. 
ace tyle ne were located close to the areas 
where calcium carbide is manufactured. 
When with 


other raw materials that might be used 


acetylene was compared 
for synthesis, the comparison and selec- 
tion were made on the basis of carbide 
acetylene. 

make it 
practical to produce large commercial 


Recent developments now 
quantities of acetylene by the thermal 
decomposition of natural gas or light 
hydrocarbons or both. The Wulff proc 
ess described in this article is an ex- 
ample of such an operation. 

Production from light hydrocarbons 
changes the economic picture of acetyl- 
ene in those areas where low-cost na 
tural gas, ethane, or propane is avail 
able. Accordingly, it is in order to 
consider, for those processes in which 
acetylene is the required raw material, 
the relative profitability of 
from carbide, and acetylene from the 


acetylene 


thermal decomposition of light hydro 
carbons. Also, it is proper to re-evaluate 


the relative profitability of syntheses 
based on acetylene with those based on 
other competing raw materials. 

A complete analysis of the relative 


economics of acetylene vs. a competing 


raw material requires cost information 
on: 


(a) Production of acetylene by the alternative 
routes. 

(b) Production of the competing row material. 

(c) The alternative synthesis operations. 

(d) The effect of synthesis plant location on cost 
of raw materials and on freight costs for 
shipping the final product to market. 


This paper will give the basic informa 
tion needed to determine the cost of 
producing acetylene from light hydro 
carbons by the Wulff process. Addition 
ally, as an example of the application of 
these data, there is presented, for two 
locations, an economic comparison be 
tween carbide and Wulff process acetyl 
ene. The comparison between acetylen 
and competing raw materials (as ethyl 
ene) is outside the scope of this paper 


Acetylene from Light Hydrocarbons 


The production of acetylene by the 
decomposition of light hydrocarbons may 
be accomplished, broadly, either through 
the application of heat from combustion 
or by passing the feed through an elec 
tric arc. A number of processes employ 
ing one or another of these means have 
heen studied, each with certain elements 
in common. First, a “cracking device” 
(furnace or electrical reaction chamber ) 
together with a collection of coolers or 
scrubbers, producing a dilute stream of 
of compres 


acetylene; second, a group 


sors to boost the dilute stream to a 
pressure suitable for recovery and 
separation of the acetylene, and third 


a recovery and purification section gen 
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Process Engineering 


erally consisting of absorption and dis 


tillation equipment. 

At present, the processes which have 
reached the stage of commercial prac 
ticality employ thermal decomposition of 
the feed. For these pyrolyses, the condi 


tions for obtaining substantial vields of 


acetvlene from light hydrocarbons are 
temperatures above 2200° F. (the exact 
temperature varies with feed compos: 


low i! 
the 


tion), short contact time 


tial pressure of ace tvlene reaction 
zone. 

The Wulff 
1925. It was the first recognition of the 
simple statement that substantial vield 
of acetvlene can be olfained by subject 


process was invented in 


ng vaporizable hydrocarbon to high 
temperatures at low partial pressures 
for short periods of time, The delay in 
developing the process to a commercial 
scale was caused by the need for demon 
strating a practical technique of achiev 
ing high temperatures and short contact 
that 


unreasonable 


times im equipment would operate 


reliably without mainten 


ance 
As the process 1 constituted today, its 
distinguishing feature is the use of a 


regenerative furnace to achieve pyrol 


vsis of the. feed. The low partial pre 

“ures are accomplished by a combination 
of the use of vacuum (the furnace oper 
ates at about 15 in. of Ilg@ abs.) and 


steam dilution of the feed. The balance 
of a complete Wulff plant consists of the 


necessary coolers scrubber blowers, 
compressors, absorber fractionat 
ing equipment needed to separate and 


purify the acetylene 

small demonstration 
plant has been in operation for nearly 
It has been in almost contin- 


commercial 


two vears 
uous commercial production of acetylene 
for over a and the 
operated without maintenance or repairs. 


vear, furnace has 


Process 


To help define the data to be pre- 
sented, Figure 1 a flow diagram 
of a Wulff process acetylene plant. The 
following is a brief process description 


shows 


Multiple furnaces in parallel are used to pro 
vide continuous flow of “cracked gas.” Each 
furnace alternates between a “heating” and a 
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“cracking” step. At any given time a mixture of 
feed vapor and dilution steam flows to one half 
of the total number of furnaces, while air and 
fuel gas for heating flow to the other furnaces. 
Each furnace is reversed approximately every 
sixty seconds. 

Flue gas effluent from the heating step flows 
from the furnaces to a biower and is exhausted 
to the atmosphere. Cracked gas effluent from 
the furnaces is cooled by direct contact with 
water to condense and scrub out tars (no carbon 
black is produced); it is then compressed to 
atmospheric pressure by the cracked gas blower, 
flows through a Cottrell precipitator for final 
cleanup, and is compressed to recovery-system 
pressure in the main compressors. 

The compressed gas flows to the diacetylene 
absorber where it is contacted with a small 
stream of lean solvent to remove the bulk of 
the diacetylene contaminant and some of the 
other higher homologs of acetylene. Solvent 
from the bottom of the diacetylene absorber 
flows to the diacetylene stripper where these 
contaminants are stripped out with a small 
stream of residue gas, which then in turn goes 
to the furnaces as fuel. The stripped solvent 
returns to the lean solvent surge tank. 

The main gas stream flows from the diacetyl- 
ene absorber to the acetylene absorber where 
it is contacted with a major portion of the lean 
solvent. Residue gas from this absorber is di- 
vided. Small portions of it are used for strip- 
ping in the diacetylene stripper and final stripper 
and then go to the furnaces for fuel. The major 
portion is scrubbed with water to recover vapor- 
ized solvent, and then flows to the main fuel-gas 
system where it is used as fuel for the furnaces, 
gos engines, or boilers. 

Rich solvent from the acetylene absorber flows 
to the rich solvent stabilizer. In this column, 
which is reboiled and refluxed with a small 
stream of lean solvent, ethylene, carbon dioxide, 
methane, hydrogen and other constituents more 
volatile than acetylene are taken overhead. 
These are then recycled through the main com- 
pressors to the acetylene absorber where they 
are eventually rejected. 

Rich solvent flows from the bottom of the 
rich solvent stabilizer to the acetylene stripper. 
In this column, which is reboiled and refluxed 


with a small stream of lean solvent, the acetylene 
product is taken overhead to storage, while 
methylacetylene and other less volatile constit- 
vents, including the balance of higher homologs 
of acetylene, are retained in the bottoms. This 
solvent stream then flows to the final stripper 
where these higher homologs of acetylene are 
removed by stripping with residue gas. 

In the course of heating solutions of acetylene 
and its homologs, c small fraction polymerizes 
to a tarry material. To remove this polymer 
from the solvent, a small slip-stream of the lean 
solvent is withdrawn from the solvent surge tank, 
diluted with water, and then sent to the polymer 
decanter where the polymer, now present as a 
separate phase, settles out, and is withdrawn. 
The aqueous solution then joins the bottoms 
from the fuel gas scrubber and flows to the 
solvent rectifier, where water is removed by dis- 
tillation. The purified solvent is then returned 
to the system. 

In certain applications where feed has an 
unusually high value, the raw-feed requirements 
and the net production of residue gos to fuel 
may be minimized by recycling a portion of the 
residue gas along with the fresh feed to the 
furnace. This achieves a higher yield of acetyl- 
ene for each unit of feed, at the expense of 
larger equipment for the plant. For such a 
“recycle” operation, the recycle stream is made 
up of the gas from the diacetylene stripper and 
the final stripper. 


Data Basis 

Yields and compositions used here are 
based on data obtained in the small com- 
mercial demonstration plant. However, 
a word of comment. While the demon- 
stration plant has been operated contin- 
uously to provide data for plant design 
on propane and on natural gas, only a 
few runs have been made on ethane. 
These do not constitute a firm basis for 
final plant design, but, owing to the 
interest in ethane as charge stock, a con- 
servative interpretation has been in- 
cluded to provide an approximate pic- 
ture. 
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Fig. 1. Flow diagram of typical Wulff process plant. 
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In the studies presented here, the 
acetylene plant is treated as one process 
unit in a large chemical plant. Thus, 
capital costs are given for a “battery 
limits” plant, with steam and cooling 
water supplied from a central plant. In 
computing operating expenses, the values 
assigned to steam and circulated cooling 
water are intended to be consistent with 
the cost of fuel for the area considered, 
and high enough to include fixed 
charges and operating costs for the cen 
tral utility facilities. By similar reason- 
ing, labor charges for administrative 
personnel and such service groups as 
accountants, chemists, and watchmen are 
on a part-time basis. 

For the natural gas feed stock, a 
typical natural gas having a gross heat 
ing value of 1100 B.t.u./std.cu.tt. has 
been assumed. The ethane feed stock 
has been taken as 
ethane. In the case of propane, a typical 
commercial 


contamimng 906 


grade material having a 
purity of approximately 9007 has been 
assumed. 

Each of the operations considered is 
on a “once-through” basis; there is no 
recycle of residue gas with the furnace 
feed. 

It has been assumed that the boiler 
plant and other furnace fuel require 
ments for the entire chemical plant will 
be large enough to consume all the 
residue gas from the acetylene plant. In 
most instances there will be no question 
on this point. Accordingly, residue gas 
is credited to the process on a B.t.u 
basis, equivalent to fuel. 

Capital and operating costs, and utility 
requirements are based on using gas 
engine drives for the main compressors 
Where conditions favor steam-driven 
centrifugal compressors, this substitution 
may be made with attendant 
capital and utility costs. 


avings im 


In connection with operating expenses 
and fixed charges against capital invest 
ment, sufficient background information 
is shown in a sample tabulation to per 
mit adjustment of the final figures for 
the variations in unit costs and percent 
ages normally encountered among dit- 
ferent organizations. 

As expected, the purity of the acetyl- 
ene affects the capital and operating 
costs of the recovery and purification 
equipment. In the cases presented, the 
expected product is 99 vol. % acetylene. 
The principal impurities are 0.3 vol. % 
methylacetylene, 0.5 vol. % carbon diox- 
ide, and 0.2 vol. % ethylene. 

Capital costs shown cover the com- 
plete “battery limits” including : 


All buildings in process area, such as operating 
control room, compressor house ond electrical 
switch house. 


Acetylene product gas holder to store full pro- 
duct for one hour. 
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Propane storuge tanks: 
For the case of propane feed, capacity is pro- 
vided for five and one-half days’ normal feed 
requirements. 

For natural gas or ethane feed, capacity is 
provided for approximately three days’ emer- 
gency operation on propane. 

Initial charge of solvent. 

Operating spare pumps and drives. Spare parts 

and materials for warehouse stock are not in- 

cluded. 

Cost of engineering and design. 

Contractors’ fees. 


Costs of Wulff Process Acetylene 


Table 1 shows material balances and 
utility requirements for three Wulff 
acetylene plants, located in the Gulf 
Coast area, each to produce 20,000,000 
Ib. of acetylene a year. 

Table 2 shows, for each of the three 
plants, capital costs, fixed charges, oper 
ating expenses, royalty and total “fac- 
tory cost” of the product acetylene. 
Royalty included in the table is computed 
on the “running basis,” equal to the sum 
of $10,000 a year, plus one-eighth cent 
a pound of acetylene recovered. The 
prices shown for natural gas and _ pro- 
pane are current estimates of the long- 
term market values of these products. 
The price shown for ethane is estimated 
to include its value on a_ heat basis, 
plus the cost of separating it from a 
typical natural-gasoline plant residue 
gas stream. 

An annual average stream-day effi- 
ciency of 90% has been used in comput- 
ing the material balances and costs. 
However, no specific allowance has been 
made for “load factor,” the ratio of 
actual average operating rate to the nom- 
inal or design calendar-day capacity. 
Load factor is controlled by ability to 
sell or inventory the final product, and 
by the amount of extra capacity built 
into the plant to allow for future market 
growth. Accordingly, it will vary with 
the nature of the end product to be 
made from the acetylene. To correct the 
figures presented for load factor, the 
fixed charges against capital, labor costs, 
costs of supplies and of solvent (all ex- 
pressed in cents per pound of acetylene 
product) must be increased by dividing 
them by the ratio just described to define 
load factor. 

Figure 2 shows for natural gas, ethane 
and propane feed, the effect of plant size 
(as measured by acetylene production 
rate) on capital investment. 

Figure 3 shows for natural gas feed, 
the effect of plant size on fixed charges 
against capital, operating expenses and 
“factory cost” of acetylene, for plants 
located in the Gulf Coast area. 

Figure 4 shows the effect that chang- 
ing the feed to ethane or propane would 
have on the factory cost of acetylene as 
a function of plant size, in the same 
locality. 
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Fig. 2. Capital cost vs. plant capacity for Wulff Fig. 3. Effect of plant capacity on factory cost 
(Gulf Coast.) 


process acetylene plants of acetylene for natural gas feed 


For operations located outside the costs of steam and the value of the resi- 


Giulf Coast area, the cost of hydrocarbon due gas as 


fuel are 


also higher. 


To 


feed for a Wulff plant will be higher indicate the magnitude of these effects, 
than the values used in Table 2 and and to provide background tor a com- 
Figures 3 and 4. Correspondingly, the parison to be made at a later pomt in 


TABLE 1.—MATERIAL BALANCES AND UTILITY REQUIREMENTS 
FOR 20 MILLION Ib. ‘yr. WULFF PROCESS ACETYLENE PLANTS 


FEED MATERIAL: NATURAL GAS 

MATERIAL BALANCES. 
Feed, M std.cu.ft. day 7,850 

gal. ‘day 
Yields 
% Feed converted to acetylene * 21.8 
Ib. acetylene recovered/100 Ib. feed 16.2 
Off Gas 
Net excess std.cu.ft./hr.** 458,400 
Heating value (HHV) B.t.u./cu.ft. 605 
Excess M B.t.u. hr. .. ; 276,000 
Utility Requirements 
Steam (300 Ib./sq.in.goge) Ib./hr. 83,176 
Cooling water aal./min. .. 10,364 
Electricity, kw. .. 950 


ETHANE 


1,860 


53.0 
41.4 


163,800 
457 
74,800 


78,976 
7,974 
853 


PROPANE 


99,400 


68,976 
7,350 
889 


* Conversion is % of carbon in feed which appeors as carbon in furnace effluent acetylene 


** Excess taken after deduction of fuel for reaction furnaces and gas engine drives for main 


compressors. 


All quantities are on a “stream day” basis. To obtain calendar day rotes multiply by 0.9 


TABLE 2.-COST OF ACETYLENE PRODUCED VIA WULFF PROCESS 


IN GULF COAST AREA 


iN PLANTS PRODUCING 20 MILLION Ib. yr. ACETYLENE 
ETHANE 
$2,561,000 


cents Ib. Acetylene 


FEED MATERIAL NATURAL GAS 

CAPITAL INVESTMENT $3,456,000 
FIXED CHARGES ON INVESTMENT * 2.68 
Operating expenses 

Steam (300 Ib./sq.in. gage) @: 30 cents/M Ib 99 

Cooling water “ 1.5 cents/M gol 37 

Electricity ( 1 cent/kw.hr. . 37 

Natural gas 15 cents B.t.u. 2.13 


Ethone @ 1 cent/Ib. 
Propane “ 4 cents /gol. 


Solvent “ 40 cents/Ib 39 
... 61 
Supplies .... ; 10 
Fuel gos credit “1 15 cents/MM B.t.u. 1.65 
Royalty .. 18 
Total factory cost 6.17 


1.98 
93 
28 
34 


2.42 


49 
18 


674 


PROPANE 
$2,572,000 


1.99 


82 
26 
35 


306 
39 
6) 
10 
63 

18 


7.13 


* Fixed chorges at 15.5% a yeor to include depreciction, taxes, insurance, interest 


maintenance. 


and 


** Labor costs include direct operating labor costs plus part-time services of chemist, accountant, 


watchman, superintendent and administrative personnel, plus 22% for vacations, insurance and 
benefits. 
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Ne PUR ATINS EXPENSE 
Cr ance 
46.800 
38.4 
30.7 
190,000 
523 
39 
6! 
10 a] 


this paper, data are presented for the 
area of the lower Ohio River Valley. 
Table 3 shows for each of the three feed 
stocks, the factory cost of Wulff process 
acetylene in the lower Ohio River Val- 
ley. As before, prices taken for natural 
gas and propane are based on current 
estimates of their long-term market 
values; the price for ethane includes its 
value on a heat basis for this locality, 
plus the cost of separating it. (For this 
case separation is assumed to be per 
formed in a stripping plant located on 
one of the major natural-gas transmis- 
sion pipelines. ) 

Figure 5 shows for natural gas, ethane 
and propane, respectively, the effect of 
plant size on cost of acetylene in the 
lower Ohio River Valley. 


Wulff vs. Carbide 


It is of interest to compare Wulff 
process acetylene and acetylene prepared 
irom calcium carbide. 

The generation of acetylene from 
carbide is accomplished by reacting the 
carbide with water. The generator efflu- 
ent is scrubbed to remove hydrogen sul- 
fide and phosphine, and is then deliv- 
ered at a purity of about 9914%. The 
equipment required for generation and 
scrubbing is of quite standard design 
and involves a nominal capital invest- 
ment. The major cost is that of the 
carbide itself, with transportation of the 
carbide a potentially significant factor. 

Calcium carbide is manufactured on a 
large scale only in those localities which 
combine low cost electric power with 
supplies of high quality limestone and 
coke. Thus, when carbide acetylene is 
to be used at a point removed from 
these localities; it is necessary to ship 
the carbide, rather than manufacture it 
at the point, of use. For substantial 
operations, calcium carbide is shipped 
to the user in steel hoppers of 5-ton 
capacity, designed to be handled on a 
flat car and to couple directiy to the 
acetylene generator. In such a case the 
freight charges for moving the full and 
empty hoppers, and the “fixed charges” 
against the capital investments in hop 
pers may become a large factor in the 
total cost of the carbide acetylene. 

In recent years there has been a trend 
toward “on-the-spot” acetylene genera- 
tion, eliminating costs of freight and re 
handling of the carbide. In these cases, 
large chemical synthesis operations are 
located adjacent to a carbide manutac 
turing plant where the carbide manu- 
facturer sets up and operates the gen- 
erators sells purified 
“across the fence.” 

Whether the carbide-acetylene user 
chooses to locate close to an “on-the- 
spot” generating plant, or to purchase 
the carbide, ship it to his own location 


acetylene 
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Fig. 4. Comparison of factory costs of acetylene 

via Wulff process from three feed stocks. (Gulf 
Coast location.) 


and generate the acetylene himself, he 
obtains the acetylene with a relatively 
low capital investment. On the other 
hand, as shown, production of acetylene 
by the Wulff process involves a substan- 
tial capital investment. Accordingly, the 
Wulff process will only be chosen over 
the carbide route when it can provide a 
large enough saving to pay a suitable 
return on this investment. 

The Gulf Coast area is far removed 
from the sources of calcium carbide. 
Consequently, carbide acetylene is ex- 
pensive there, and, in fact, has not been 
widely used for chemical synthesis. A 
chemical user in this area would pur- 
chase carbide and operate his own gen- 
erators. On the other hand, the lower 
Ohio River Valley contains some major 
sources of carbide. A chemical user 
operating adjacent to “on-the-spot” gen- 
erating facilities in this area would en- 
joy carbide acetylene at a most favorable 
price. These two cases, individual gen 
eration in the Gulf Coast area, and “on- 
the-spot” purchase in the lower Ohio 
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Fig. 5. Comparison of factory costs of acety- 
lene via Wulff process from three feed stocks. 
(Ohio Valley location.) 


Fig. 6. Cost of carbide acetylene at two 
different locations. 


River Valley, are chosen for comparison 
with the Wulff process. 

In Figure 6, the upper curve shows 
the total cost of carbide acetylene as a 
function of annual rate of consumption 
for individual generating facilities lo- 
cated in the Gulf Coast area. The cost 
indicated by this curve includes a suit 
able return on investment in generating 
facilities. 


TABLE 3.-COST OF ACETYLENE PRODUCED VIA WULFF PROCESS 
IN OHIO VALLEY AREA 
IN PLANTS PRODUCING 20 MILLION Ib. yr. ACETYLENE 


FEED MATERIAL: 
CAPITAL INVESTMENT 


FIXED CHARGES ON INVESTMENT * 
Operating expenses 
Steam (300 Ib. /sq.in. gage) “ 37 cents/M Ib. 
Cooling water @) 1.5 cents/M gal. ....... 
Electricity Gi: 1 cent/kw. hr. 
Natural gas “: 20 cents MM B.t.u. ..... 
Ethane @ 1.2 cents/Ib. ..... 
Propane “ 6 cents/gal. . 
Solvent @ 40 cents/Ib. 
Labor ** 
Fuel gos credit @: 20 cents/MM Btu. . 
Royalty 


NATURAL GAS ETHANE PROPANE 
$3,456,000 $2,561,000 $2,572,000 
cents/Ib. scetylene 
2.68 1.98 1.99 
1.21 1.15 1.01 
37 .28 26 
37 34 35 
2.84 

2.90 

~ — 4.59 

39 39 39 

61 61 61 
10 10 10 
—2.20 —.65 — .84 
18 18 18 
6.55 7.28 8.64 


* Fixed charges at 15.5% a year to include depreciation, taxes, insurance, interest and 


maintenance. 


** Labor costs include direct operating labor costs plus part-time services of chemist, accountant, 
watchman, superintendent and administrative personnel, plus 22% for vacations, insurance and 


benefits. 
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PLANT CAPACITY 
Fig. 7. Return on investment for Wulff process 
acetylene plants based on cost of carbide 
acetylene. (Gulf Coast area.) 


In Figure 6, the lower curve, a hori- 
zontal straight line, shows the price at 
which it is reported carbide acetylene 
may be purchased “across-the-fence” 
from an “on-the-spot” generating plant 
in the lower Ohio River Valley, on the 
basis of a long term contract, and high 
load factor. 

Figure 7 shows, for the Gulf Coast 
area, the difference between the cost of 
carbide acetylene and the “factory cost” 
of Wulff process acetylene, for three 
feeds, expressed as per cent return, be- 
fore income tax, on capital invested in 
the Wulff process plant. The signifi- 
cance of the low end of these curves is 
straightforward. However, since opera- 
tions using carbide acetylene on the 
scale indicated by the upper portion of 
the curves have probably not been ser- 
iously considered for the Gulf Coast 
area, the curves here merely serve to 
emphasize the point that for this geo- 
graphic locality the economics of acetyl 
ene have been materially changed. 

Figure 8 shows, for the lower Ohio 
River Valley, the difference between the 
price of carbide acetylene and the “fac- 
tory cost” of Wulff process acetylene, 
for three feeds, expressed as per cent 
return, before income tax, on capital in- 
vested in the Wulff process plant. These 
curves show that for small operations in 
this area, the economic choice, other 
things being equal, is to locate the chem 
ical plant adjacent to “on-the-spot” 
carbide acetylene generating facilities. 
Hiowever, for larger operations, the 
Wulff process offers an attractive in 
vestment. 
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Fig. 8. Return on investment for Wulff process 
acetylene plants based on cost of carbide 
acetylene. (Ohio Valley area.) 
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Discussion 


E. M. CARTER (Du Pont Co., Inc., Madison, 
Tenn.): The results you quoted on ethane are 
interesting, particularly from the return point of 
view which presumably means increased capacity. 
The off-gos from the concentration system, 
whether it be made from natural gas or pro- 
pane, should have a substantial amount of 
ethane. Would not plant capacity improve and 
hence the return on methane, by reusing your 
off-gas in toto from the acetylene stripper? Also, 
1 was surprised at the curve illustrating capital 
and investment against capacity,—it is essentially 
straight from o fairly small scale of about o 
million dollars to about ten million annual ca- 
pacity. | should think o purification and concen- 
tration unit on a large scale would introduce 
economies. 

THEODORE WEAVER: I'll answer the second 
question first. 

| believe the appearance of the curve is some 
what deceptive. Although it may appear to be 
a straight line, plant cost is found to vary ot 
about the 0.7 power of plont capacity. The 
reason that this curve is more nearly o straight 
line than is found in some other process units is 
the fact that the plant cost includes substantial 
items for compressors and furnaces, which items 
vary almost linearly with capacity of the plant. 

On the matter of utilization of ethane in the 
off-gas the amount of ethane is in the order of 
2 or 3%. There would be a substantial cost 
involved in separcting ethane to recycle back to 
the furnace. 

F. B. SELLERS (Texaco Co., New York, N. Y.): 
This process is operated at 15 in. of Hg abs. | 
presume this to be the optimum operating 
pressure. What effect on the cost of producing 
acetylene does atmospheric or even superatmos- 
pheric pressure operation have? 

THEODORE WEAVER: Acetylene yield at any 
given temperature and time falls off rapidly as 
the pressure rises. It becomes difficult to get 
substantial yields ot 1 atm. pressure ot these 
temperatures. One can get it by going to higher 
temperatures, perhaps, which complicotes the re- 
fractory problem. The portial pressure of 
hydrocarbons in the unit is even less than 
‘2 atm. because of steam dilution. The low 
pressure is quite significant. The porticular 
pressure we hove chosen is perhups not opti- 
mum in terms of the highest acetylene yield, but 
rather gives the lowest cost of acetylene for a 
given feed stock. 

W. E. LOBO (The M. W. Kellogg Co., New 
York, N. Y.): Have you an economic comparison 
with partial oxidation of natural gos with oxy 
gen? 

THEODORE WEAVER: We hove looked at that 
seriously. It is not easy to answer completely 
in a few words, but it comes down to this: each 
comparison we have made shows that partiol 

idation techniques offer a higher concentration 
of acetylene in the cracked gas streom. This 
meons a less expensive compressor plant. On the 
other hand, partial oxidation requires an oxygen 
plant and in each case, the oxygen plant more 
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than offsets the additional recovery cost. 

C. J. McFARLIN (Air Reduction Co., Inc., New 
York, N. Y.): In the last figure the return is not 
only before taxes but also before the battery 
limits. | doubt that utilities would be available 
unless specifically provided. Also, if | understand 
the estimates properly, it is before general and 
administrative expense, before sales expense, 
and items of overheod that are inevitable. Also, 
it is before any allowance for the load factor as 
influenced by sales. My whole point is that | 
think this a case of comparing eggs to potatoes. 
This accurate price of bulk chemical acetylene, 
does include all these factors. So, some return 
on investment will be shown when included. The 
question is: have you worked costs through 
specific cases? 

THEODORE WEAVER: In terms of sales ex- 
pense we thought we were comparing in the 
Wulff plont a captive operation where there is 
not the problem of selling acetylene to the 
plant user vs. o plont that purchases acetylene 
at the price shown from a carbide-generating 
facility 

In terms of the capital chorges for the utilities, 
it wos intended thot the prices charged for 
utilities cover the capital charges ogainst them. 
The values used are in agreement with the 
values used by some companies operating in thot 
area who contend that they cover the capital 
charges. Adjustments can be made, and in large- 
scale operations the capital investment and utility 
picture displace the curves slightly. The biggest 
item of cost—more than one-third of it-—in the 
case of the natural gas plant is the fixed charge 
against the capital investment in the Wulff unit. 

C. J. McFARLIN: Am I to understand that the 
return on the utility outside the battery limits 
is in the general order of magnitude of o 
chemical enterprise, or the same as on the public- 
utility type of return? Or, is it merely that the 
chorges have nothing to do with profit? | am 
thinking of lond, office buildings, and such 
items os well os power and steam 

THEODORE WEAVER: The values usec for 
utility costs were token from the practice of one 
major operating company in that oreo, who pur 
ports that they do contain reasonable allowances 
for the items you have questioned. Some allow- 
once has been included in the plant investment 
values to cover the cost of buildings. Although 
nothing has been provided for land, its normal 
value is so small in comparison with plant cost 
in the present case, that it should not have a 
significant effect on the outcome. 

L. J. WINCHESTER (Engineers’ Res. & Dev. 
lab., U. S. Army Corps, Ft. Belvoir, Va.): Have 
you considered the morketability and cost of 
different purities of acetylene products such as a 
97% or a 99% pure product, or, on the other 
hand, a purer product? 

THEODORE WEAVER: Lowering the purity be- 
low 99% and making small changes in purity 
say to 97%, does not have a significant effect 
on price. We have not investigated the case for 
99'2%. Actually, one needs to talk about the 
impurity concerned. For instance, the carbon di- 
oxide could be removed from this in an amine 
scrubbing unit, but the methyl acetylene would 
be more of a nuisance, and we have not been 
faced with the specific problem of limiting the 
methyl acetylene below the value mentioned. 
This value is acceptable to one mojor chemical 
company using acetylene in o chemical synthesis. 
This value is acceptable to at least one major 
chemical company using acetylene in a chemical 
synthesis. Some further reduction in this amount 
of methyl! acetylene may be mode. 
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MARKET SURVEY 


HE paint, varnish, and lacquer in- 
dustry is one of the most important 
markets for chemicals today. An analy- 
sis of production data for the principal 
products, establishing the trends that 
have taken place over a period of years 
and determining the volume of materials 
required for manufacture of protective 
coatings is therefore of particular inter- 
est to the chemical industry. Also for 
the purposes of this symposium it illus 
trates methods which may be employed 
to make a market survey of an industry. 
Background statistics on the size of 
this industry may be briefly indicated. 
The United States Census publishes 
every month the total dollar sales of 680 
manufacturers in the paint, varnish, and 
lacquer industry. This statistical series 
goes back to 1936 and is estimated to 
represent about 90°, of the total sales 
of the industry. In 1936, sales were 
$398 million. In 1951, sales of this same 
group amounted to $1,200 million—the 
largest total on record and three times 
as great as in 1936. In 1939, this in- 
dustry spent $241 million for materials, 


fuel. and power. In 1947, the corres 
TABLE 1 PROTECTIVE 

194% 

Paste paint 11.7 
Ready mixed paint 212.4 
Total paint 224.1 
Varnish R20 
Lacquer 92.8 
Enamels 94.8 
Total other coatings 269.6 


sales. 


OF AN INDUSTRY 


ponding figure was $779 million. The 


materials used to produce protective 
coatings, such as resins, pigments, dry- 
ing oils, cellulose derivatives, solvents, 
are included in these totals. 

Statistics on the volume of production 
for protective coatings over a period of 
years are presented in Table 1. 

Obviously, paint was the important 
product of the industry in 1921. At that 
timé a great deal of paint was sold in 
heavy pastes (about 35% of the total) 
for use by painters and _ contractors, 
who did their own mixing by adding 
drying oil and thinners. 

By 1929 there was a_ tremendous 
change and growth not only in paint 
production but particularly in varnishes, 
lacquers, and enamels. Combined pro- 
duction of these products was about 
equal to production of paint; whereas, 
in 1921 they amounted to only 60% 
of the volume of paint. This was the 
period when mass production was get- 
ting underway in the United States, and 
fast drying finishes were needed to keep 
the production lines moving. Nitrocellu- 
lose lacquer led the way, providing a 


COATINGS PRODUCTION 


1939 1929 1921 
(millions of gallons) 

18.2 27.0 27.0 
10k 109.0 
126.0 136.0 750 

596 56.9 29.6 

51.8 43.0 14 

445 29.2 144 
156.2 129.1 


Charles Waggaman Ber! is manager of the market survey 
division of the advertising department of the Hercules Powder 
Co., Wilmington, Del. 
activities for the past ten years, Mr. Berl has been with 
Hercules since 1937 and was formerly occupied with cellulose 
Before joining his present company, he was con- 
nected with the paper manufacturing industry. During 1949 
to 1950 Mr. Berl served as assistant chief, chemical section, 
European Cooperation Administration, in Paris. 
graduated from Princeton University. 


Identified with its market research 
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Paint, Varnish and Lacquer 
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new type of protective coating which 
would dry rapidly. This development 
broke the bottleneck of the automobile 
assembly lines. It also spurred on the 
competitive coatings to produce fast- 
drying finishes as well. Production of 
both varnish and enamel was twice as 
great in 1929 as in 1921. For many 
years prior to this period these pro- 
ducts had rocked along with very little 
growth until spurred on by the neces- 
sity of holding their markets; then, 
participating in the much wider market 
that was developing, they doubled their 
output in eight years’ time. This is a 
pretty good argument for competition 

During the ten-year period from 1929 
to 1939, the immediate prewar period, 
paste paint showed a considerable de- 
cline. Total production of paint dropped 
to 126,000,000 gal. from 136,000,000 ten 
years earlier, while the other finishes 
totaled 156,000,000 gal. By 1939, the 
varnishes, lacquers, and enamels—the 
coatings identified as the industrial coat- 
ings—exceeded paint production and 
represented 55% of the total volume of 
production. While lacquer continued its 
growth in this period, the outstanding 
performance was the increase in the pro- 
duction of enamel, due, to a great ex- 
tent, to the discovery of the phthalic 
glyceride or alkyd type of resin in the 
early 1930's. 

In regard to postwar data, the only 
census taken since 1939 was in 1947, and 
there has been none since that time. In 
this period, although paste paint contin- 
ued to decline, other paints showed very 
large gains over prewar figures, produc- 
tion being up 75% from 1939 and re- 
versing the trend of the previous decade. 
Again in this period, the industrial-type 
finishes continued to grow, showing a 
total production of 269,000,000 gal., a 
gain of 72% in the same period. 

To summarize these statistics covering 
25 years of this industry, production of 
paint has increased threefold in this 
time; in contrast, the production of 
other coatings—varnish, enamel, and 
lacquer—was six times as great in 1947 
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as in 1921. Production data shown 
here have been very much condensed for 
simplification, and the great growth in 
industrial coatings has been stressed; 
however, this may give the wrong im- 
pression insofar as paint is concerned. 
The value of the paint products of the 
industry in 1947 was $570 million; and 
if this segment of the industry has not 
shown the same rate of growth as has 
the industrial-coatings segment, it still 
represents about one-half of the total 
value of the products of the entire in- 
dustry. 
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There are many different types of 
paint, but two types have been predomi- 
nant in this period. The oil-pigment 
coatings, consisting of pigments ground 
in drying oils as the basic ingredients, 
are the exterior paints. The oil-resin 
paints, in which alkyd resins, or drying 
oil and resin combinations, i.e., varnish, 
are the basic ingredients, are essentially 
the base of interior paints. These two 
types in terms of value in 1947 ac- 
counted for 70% of all paint production. 
The exterior paints, which include the 
paste paints, were first reported sepa- 
rately by volume: in the census data for 
1927, at 82,000,000 gal. In 1947, the total 
was 86,000,000 gal. In the intervening 
years, the volume of this class of product 
went considerably below the 1927 level. 
It is obvious, based on these statistics, 
that this class of product has lagged be- 
hind, considering that in this period 
population increased considerably and 
construction activity was at high levels. 
The picture is quite different for the oil- 
resin or interior types of paint. Produc- 
tion of these products in 1927 amounted 
to 23,000,000 gal.; but in 1947, the total 
was 73,000,000 gal. Where the ratio of 
exterior to oil-resin paint was 3 to 1 in 
1927, by 1947 it was about 1 to 1. 

Another class of paint that has become 
important in recent years, and that be- 
cause of recent developments appears 
headed for higher levels, is the water- 
thinned or water-type paint. The sta- 
tistics presented above did not include 
this product. In the prewar years these 
types accounted for a very small propor- 
tion of the total. In the 1939 census, 
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water paints represented about 5° of 
the value of all paint produced, but in 
1947, this had risen to about 9%, owing 
to the development of the resin-emulsion 
types of water paint, which in the wat 
years and later became quite popular. 
These paints represented a volume of 
about 25,000,000 gal. in 1947. Since that 
time, this class of product is on the way 
to being supplanted by the new styrene- 
butadiene latex paints, which have 
achieved great popularity in a very short 
time and appear to be headed toward 
much higher volume. 

The purpose of this review so far has 
been to secure a background and unde 
standing of the long-term trends that 
exist in this industry. Knowledge of 
these trends can be very useful to the 
chemical manufacturer supplying the in 
dustry. He will find out where the 
greatest field for growth exists and will 
schedule research and development work 
accordingly. 

Methods of determining the various 
raw-material requirements of this indus- 
try, on the other hand, is the phase of 
greatest interest to the chemical indus- 
try. One of the most satisfactory meth 
ods for determining the volume of ma 
terials required in the manufacture of 
any product is to estimate quantities 
through production data such as have 
been reviewed and then to balance data 
obtained in this manner against what 
ever statistical data are available on the 
raw material in question. It is possible 
to analyze many markets in this manner 
One which comes to mind concerns the 
volume of cellulose consumed in the 
manufacture of rayon, acetate, film, plas 
tic, etc. There are excellent statistics on 
production of these items to which may 
be applied factors to obtain estimated 
cellulose consumption from the produc- 
tion data. These results, however, must 
balance with corresponding data on pro 
duction or consumption of dissolving 
pulp. If they do not balance, something 
is wrong. When they come into balance 
a correct analysis has been secured. 

Such procedures in recent months 
have become increasingly popular. Re 
cent shortages of such important chem 
ical materials as benzene, naphthalene, 
chlorine, etc., have led to exhaustive 
end-use studies by market analysts 
which have appeared regularly in the 
chemical journals. 

In an industry such as paimt, var 
rish, and lacquer, it is extremely difficult 
to employ such techniques. What must 
be done, in effect, is to take 500,000,000 
gal. cans of product and say, tor ex 
ample, that each can contaims x Ib. of 
drying oil, x Ib. of pigments, solvent 
etc. Then all this must be multiplied to 
determine the total. Consequently a very 
small error per unit can lead to a very 
large error in appraising the entire 
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market. To determine the volume of 
some of the materials which go into 
coatings, however, this is the only pro 
cedure possible. Take for example min- 
eral spirits, Techniques for analyzing 
the mineral-spirit content of each sepa 
rate product of the industry must be 
worked out to be secured, and there are 
no other statistics to check agamst the 
findings in this case which tell, as the 
artilleryman would say, whether you are 
in the zone of probable error 

In order to estimate data for materials 
consumed in manufacture of protective 
coatings based on production data, the 
best approach is to separate the products 
of the industry into three basic chemical 
types: (1) drying oil—pigment, (2) oil 
resin—pigment, (3) nitrocellulose plas 
ticizer. 

The drying-oil pigment, or oil-paint 
types—normally exterior paints—are 
produced by grinding pigments such as 
white lead, titanium dioxide, zine pig- 
ments, and others in linseed oil. The 
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film or coating is formed through the 
oxidation of the oil, 

Oil-resin compositions, used largely 
in interior paints and in industrial coat 
ings for all kinds of service conditions, 
are of two types known to the paint man 
as alkyd and oleoresinous varnish. For 
the most part, either of these oil-resin 
compositions depends upon oxidation or 
polymerization of the drying-oil com 
ponent to form the film or coating. This 
oil-resin type of finish is now the most 
important coating volumewise. The oil 
resin may be used without pigment as a 
clear varnish for furniture and wood 
work, but it is the basic material for the 
manutacture of a vastly larger volume 
of pigmented coatings 

The third type of coating ts produced 
by nitrocellulose in solution in combina 
tion with plasticizers. This is 
The film is deposited unaltered by chem 


lacquer 


ical reaction 
entirely in the industrial field for auto 


Lacquer is used almost 


mobiles, furniture, and other assembly 
line products 

Figure 2 shows that 85° of the 
total volume of coatings falls into one 


Combining 


of these three basic types 
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all the coatings that belong in each type 
gives some indication of trends within 
the industry. This volume of oil-pig- 
ment type of coating is seen to be about 
where it was 20 years ago, as has already 
been shown. Nitrocellulose types have 
grown from 30,000,000 gal. in 1927 to 
82,000,000 in 1947; while oleoresinous 
types have gone from 80,000,000 to 
240,000,000 in this same period. 

\s Figure 2 shows, the oil-resin type 
of coating is the most important volume- 
wise; therefore, it would seem appro- 
priate because of their great importance 
in protective discuss a 
method for determining the volume of 
resins consumed in the production of 
paint, 


coatings to 


varnish, and lacquer. Certain 
average formulations must be assumed, 
based on knowledge of each type 
of product, and from this can be 
calculated the quantities of  oil-resin 
composition. For example, in 1947, 
production of interior types of paint, 
and of undercoats and primers, 
amounted to 73,000,000 gal. It can be 
estimated from the average formulations 
that must arbitrarily be accepted for 
these products that they contain about 


one-third by volume of oil-resin com 
This means a total of 24, 
300,000 gal. of the oil-resin base. In 
addition, some of the ready-mixed oil 
or exterior paints contain a limited pro 
portion of oil-resin base, particularly in 
those types used for trim. It may be 
estimated that these paints contain 
5,300,000 gal. of oil-resin base. Oleo- 
resinous varnishes contain 50° oil resin 
and 50% thinner. Production was 
56,200,000 gal. in 1947, which means 
28,100,000 gal. of oil-resin content. 
Enamels contain 40% oil-resin, which 
means an estimated 38,600,000 gal. of 
oil-resin. Other types of paint, such as 
marine, metallic, traffic, ete., are esti- 
mated in 1947 to contain 16,900,000 gal. 
of oil resin. This gives a total of 
113,200,000 gal. of oil-resin content. 

In this particular instance, the method 
would ordinarily be to calculate the 
quantity of resin present in this quantity 


position 


of oil-resin composition on an arbitrary 
basis, as, for example, on the basis of 
2 Ib. of resin to 6 lb. of oil, or 3 Ib. 
of resin to 5 of oil, based on a knowledge 
of the formulations used. To this resin 
figure would be added resins used in 
other coatings. The total resin figure 
procured in this manner should then be 
compared with other statistics covering 
resin production and consumption in 
protective coatings in that same year. 

In the case of resins, this procedure 
cannot be followed exactly because the 
production of some alkyd resins, as re- 
ported in the statistics, includes oil as 
well as resin. It has been estimated 
that 25,000,000 gal. of the oil-resin 
compositions are alkyds (based on an 
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analysis of the resin statistics) and con- 
tain oil in their composition. This ac- 
counts for 209,000,000 Ib. of resin. The 
remaining 88,000,000 gal. of oil resin are 
estimated to contain (based on average 
formulation) 2.5 Ib. of resin/gal., a 
total of 220,000,000 Ib. of resin. In addi- 
tion, there are 45,000,000 Ib. of resin in 
lacquers and other varnishes (resin- 
solvent types), an estimated 50,000,000 
lb.; also, in resin-emulsion paints an 
estimated 17,000,000 Ib. The total 
amounts to 541,000,000 Ib. of resin, 
which have been calculated from the 
production data. 

Before this figure is compared with 
resin statistics taken from other sources 
some general information on protective- 
coating resins is necessary. The mater- 
ials that form the basic elements for 
these resins are synthetic products such 
as phthalic glycerine (alkyd), phenol 
formaldehyde, urea formaldehyde, sty- 
rene resins, and others. These products 
are often combined with rosin to form 
rosin esters or are modified by rosin 
esters. Also, rosin and tall oil are used 
to some extent, and natural resins, im- 
ported products such as dammar and 
copal, which have a long history in the 
protective-coating field. 

The United States Tariff Commission 
in its annual report on production and 
sales of synthetic organic chemicals for 
1947 reports that production of all types 
of synthetic resins produced for protec- 
tive coatings in that year amounted to 
453,000,000 Ib. The Department of 
Agriculture statistics, showing consump- 
tion of rosin by paint and varnish manu- 
facturers in 1947, indicate a consump- 
tion of 59,000,000 Ib. In addition, a 
consumption of 25,000,000 Ib. of tall oil 
would represent about or 12,500,- 
000 Ib. of additional rosin. Imports of 
natural resins, amounting to 10,000,000 
Ib., can be considered as representing 
the quantity of these products consumed. 
By utilizing, therefore, all the statistics 
pertaining to resins and rosins for pro- 
tective coatings, the following data are 
secured 

Millions of Ib. 


Synthetic resins ....... os 
Rosin .. 59.0 
Natural resins ........ 10.0 

534.5 


the other instance the Tariff Commis- 
sion gave figures for production of syn- 
thetic resins for protective coatings, to 
which were added figures for rosin, tall 
oil, and natural resins. The figures of 
the two methods are only 7,000,000 Ib. 
apart, less than 2%. 

It may be felt that the amount of 
labor involved in analyzing production 
data, as exemplified by this study of 
resins, is not justified if there are suffi- 
cient data on resin consumption in pro 
tective coatings already supplied. By use 
of such data, a company’s over-all posi- 
tion can be measured satisfactorily. Why 
worry about the rest? 

This may be true in some cases, but 
ordinarily it is not. The resin producer 
does not manufacture a product that 
answers all purposes. It has special ap- 
plications in some particular protective 
coating, and it is here that the analysis 
of production data pays off. For a resin 
that has special advantages to the pro- 
ducer of enamels, for example, it is pos- 
sible to secure the 
data showing production of ¢.iamels by 
state. (A partial tabulation from the 
1939 census is shown in Table 2.) 
Here are shown the number of enamel 
producers in each state, the volume of 
production, etc. Here is the market for 
anything to be sold to the enamels pro- 
ducer. Such data as these are essential 
in planning sales campaigns, plant loca- 
tions, budgets (advertising), and all the 
usual operations accompanying product 
development and distribution. From 
such data can be built up geographic 
quotas for a sales force, and without 
them there would be no way of apprais- 
ing the particular market that must be 
reached. 

In this short paper an attempt has 
been made to outline a broad basis for 
attacking the problem of industry analy- 
sis by taking one industry and showing 
trends that have occurred within it for 
a period of years and also by demon- 
strating how data on consumption of 
materials by this industry can be secured. 

One interesting result of working 
with the statistics is that the more one 
uses them, the more one gains an in- 
sight into how to use them. New 
thoughts keep cropping up to offer new 
possibilities and to show relationships 
that can be used advantageously perhaps 


census separate 


TABLE 2.—ENAMEL PRODUCTION 


No. of Quantity 
Product and state establishments (gal.) Value 
4 1,372 2,385 
Georgia 5 124,866 168,754 


The figure for total resin consumption 
in this industry has been arrived at by 
two different routes. In one instance 
certain assumptions were made as to 
resin content based on production. In 
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for supplying current data where none 
exist or for the purpose of forecast- 
ing. There is, however, no easy road in 
chemical market research. To learn, one 
must get in there and dig. 


January, 1953 


7 
| 
| | 


|’ carrying out market research func- 
tions as outlined in the present series, 
it is necessary to get a great variety ot 
data, both statistical and nonstatistical, 
on production, consumption, imports, 
exports, expansion programs, operations 
of of the best 
sources of these data, both government 
and private, will be in this 
paper. Government publications are par 
ticularly important, for because of tax 
support it is often possible to purchase 
a survey costing $25,000 or more for 25 
or 50 cents. A bibliography of published 
sources is appended. 

The sources will be considered in the 
order that they might be consulted if an 
actual were being made: (1) 
company records, (2) published surveys, 
(3) statistical compilations, (4) basic 
(5) special sources, (6) 


customers, etc. Some 


discussed 


survey 


data sources, 
personal contacts. 


Company Records. The first place 
to check is one’s company records. Days 
of hard work can be saved if someone 
else has already done the job or a similar 
one. Sales reports, sales-analysis studies, 
1.B.M. cards, clippings files, or the little 
black book of the salesman himself may 
provide the needed information. Or pos- 
sibly it is the purchasing department or 
the traffic department that has the data. 
All should be checked. 


Surveys. Assuming that more data 
are needed, the next to see 
whether a similar survey has already 
been published. Some of the best survey 
follows 


step is 


sources are 
Chemical 


dustrial and 


as 
Engineering and also In- 
Engineering Chemistry 
have excellent annual reviews of the 
field. These together with Chemical 
Week and Chemical and Engineering 
News have made detailed sur- 
veys, especially in the fields of basic 
chemicals, sulfur, ammonia, benzene, 
and ethylene, to mention a few. 
Summaries of Tariff Information is a 
U. S. Tariff Commission series contain- 


also 


Finding the Facts and Figures 


Richard M. Lawrence and Jonathan H. Sprague 


ing surveys of a wide range of chemi- 
cals, including many of the lesser com 
pounds. Although three to four 
old, it is a starting point for studying 


veats 


almost any product. 

The Minerals Yearbook and Depart 
ment of Agriculture Surveys are 
cusscc later under Basic Sources. Faith, 
Keves Clark’s book “Industrial 
Chemicals” presents short surveys 
more than 100 chemicals. The Chemi 
cal Market Report of Foster D. Snell, 
Inc., is a abstract 
service covering in 
more than 100 chemical industry pub- 
The National Industrial Con- 
ference Board is another valuable source 


cis 


and 
on 


classified monthly 


commercial items 
lications. 


of reports on the chemical and other in 
dustries. 


Statistical Compilations. In the ab- 
surveys, the next best 
time saver is the use of existing com 
pilations. The Manufacturing Chemists 
Association publication Chemical Facts 


sence 


and Figures is a comprehensive statis 
tical handbook of the industry. Trade 
associations in other fields such 
petroleum, paint, fertilizer, and paper 
have similar handbooks. 

The Stanford Research Institute's 
Chemical Handbook is a 
comprehensive service with statistics and 
charts on all commercial 
importance and also data on hundreds 


as 


Economics 


chemicals of 


of companies. Industrial Marketing 
Magazine, annual market data and 
directory number, includes brief sta 


tistical reviews of the principal indus- 
tries. 

The monthly Survey of 
Business publishes thousands of statis- 
tical series with comparative figures for 
the twelve preceding months. The an- 
nual supplements have data for the last 
ten or twenty years. 

The Statistical Abstract of the United 
States, as the name implies, presents 
condensed figures on commodities and 
industries, well as on population, 


Current 


as 


Richard M. Lawrence, of Monsanto Chemical Co., was the 
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chairman of the chemical market research symposium. His 
biography appeared in the October issue, page 528. 
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received the B.S. and M.S. degrees in chemicol engineering 
from Massachusetts Institute of Technology and in 1947 the 
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labor, education, finance, and virtually 


every field of statistics. 


Basic Data Sources. These key 
sources, the heart of anv literature sur- 
vey, are listed in Table 1 As will 
be noted, they are broken down by the 


principal types of data provided, five 
on production, one on foreign trade, and 


two on prices, 


TABLE 1 BASIC DATA SOURCES 


Production 
Census of Manufactures 
Facts for Industry 
Synthetic Organi 
Minerals Yearbook 
Agricultural Statistics 

Imports & Exports 

Foreign 


Chemicals 


Trade Reports 


Census 
Prices 

Oi Paint & Drug Reporter 

BLS Wholesale Price Index 


Manufactures. For production statis 
tics and other manufacturing data, the 
primary publication is the Census of 
Manufactures. This document has mar- 
ket data of and 
power engineers as well as to chemical- 
production men. It covers “all industry” 
in 450 groups, including 55 in the chem- 
and 9 in chem 
icals and allied products, as listed below 


interest to equipment 


ical-process industries, 


Industrial Inorganics Drugs 
Industrial Organics Soap 
Wood Chemicals Paint 


Vegetable Oils Fertilizers 
Miscellaneous 


For each of these industry groups, such 
data are given as number of establish- 
ments, plant size, employment, raw-ma 
terials rucl 
tion, inventories and plant expenditures. 
And the data are made even more useful 
by state subtotals. For hundreds of in- 
dividual of Manu- 
factures gives production figures, and 
for certain important products, such as 
caustic, it breaks them down by process 
and thereby permits engineers to ana 
lyze trends 

Unfortunately, the Census of Manu- 
factures is issued only about every five 
years. The last one was for 1947. To 
fill in this gap, there the Census 
Facts for Industry reports, a series of 
production reports some monthly, some 
annual, Of the 


cost, and power consump 


chemicals, Census 


are 


quarterly, and some 


sixty-three series six are in chemicals: 
Inorganic Chemicals 
Superphosphates 
Paints, Varnish, Lacquer & Filler 
Gelatin 
Animal Glue 
Wood Charcoal 

The inorganic chemicals report, per 


haps the most important, gives monthly 
production data on over fifty chemicals, 
with breakdown by process on the lead- 
ing The yearly report covers a 
much wider list and in the case of sul- 
furic acid gives a regional breakdown. 


ones. 
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The Tariff Commission has two free 


Facts for Industry series, one covering. 


seventy-five organic chemicals, — the 
other covering forty-one plastic mater- 
ials, 


Organic Chemicals. For more com- 
prehensive coverage of synthetic organic 
production, there is one of the best gov- 
ernment publications, the Tariff Com- 
mission’s Synthetic Organic Chemicals, 
usually available six or eight months 
after the end of the year. Preliminary 
bulletins on the individual groups, how- 
ever, are released promptly, starting in 
the spring. 

This publication lists annual produc- 
tion and sales statistics for many hun- 
dreds of individual organic chemicals. 
The principal groups covered are: 


Raw Materials Dyes 
Intermediates Rubber Chemicals 
Plastics Drugs 

Plasticizers Detergents 
Insecticides Others 


Statistics may be found here for every 
organic chemical in these categories 
where publication will not reveal the 
operations of individual companies. The 
confidential figures are grouped in spe- 
cial subtotals to hide their identity. The 
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plants in the United States. 


Department of Agriculture 


second half of this report is almost 
equally valuable; it lists all 6,000 syn- 
thetic organics made in the United 
States, together with their manufacitur- 
ers. 


Minerals. In the minerals field is 
another of the best primary market- 
research sources, the Minerals Year- 
book, with data on production, sales, 
uses, prices, and foreign trade. The text 
of the yearbook discusses trends and de- 
velopments and also activities of leading 
firms in the field. There are sixty-five 
chapters covering metals, ores, fuels, and 
building materials, including such prod- 
ucts as phosphate rock, titanium, baux- 
ite, carbon black, coke and coal chem- 
icals (benzene and naphthalene), sulfur, 
fluorspar, and potash. 

Again time lag presents a problem. 
The 1949 Yearbook became available in 
October, 1951. The individual chapters, 
however, are issued as preprints as soon 
as written, thus becoming available 
sometimes as much as a year before the 
book is released. 

In addition, the Bureau of Mines puts 
out two free series, which contain pre- 
liminary data. One is entitled Mineral 
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Market Reports, each issue of which is 
published just as soon as it is prepared. 
The other is a series of weekly, monthly, 
and quarterly Mineral Industry Surveys. 
Data given are similar to those of the 
other publications. 


Agriculture. Here is a market becom- 
ing more important every day, especially 
to manufacturers of pesticides and ferti- 
lizers, to whom the type of data offered 
in Figure 1 is essential. 

The basic source book for this field 
is the annual Agricultural Statistics, 
comprised of hundreds of series. It 
has data on individual crops—produc- 
tion acreage, yields, and prices—and on 
such derived materials as lard, vegetable 
oils, turpentine, and margarine. There 
are 750 pages of fine-type statistical 
tables, many of them broken down by 
states. 

In addition to these records of the 
past, there are numerous publications 
looking into the future. Persons con- 
cerned with agricultural raw materials 
may be interested in the Fats and Oils 
Situation or the Naval Stores Report. 
Fertilizer manufacturers may be inter- 
ested in the Fertilizer Situation, anti- 
biotic and choline manufacturers in the 
Poultry and Egg Situation. For pesti- 
cide manufacturers there are other out- 
look publications. Perhaps the best 
over-all publication is the Production 

Goals Program Preliminary Handbook. 
This has acreage goals by states for 
different crops as well as the outlook on 
livestock and poultry production, fertil- 
izer, etc. And for those who prefer 
graphic presentation to statistics, there 
is an annual publication of Outlook 
Charts. From time to time are issued 
special reports bearing such titles as 
“Spraying and Dusting Major Field 
Crops” and “Fertilizer and Lime Used 
on Crops and Pasture 1947.” 


Consumption. Data are scarce for 
answering the questions where does the 
product go? and in what quantities? 
There are no general sources. In a few 
cases, however, actual consumption data 
are available. The most noteworthy of 
these is the report on ethyl alcohol pub- 
lished by the Alcohol Tax Unit. This 
gives a complete end-use pattern. The 
Census of Manufactures has some lim 
ited consumption data, as do the Min 
erals Yearbook and the Department of 
Agriculture publications, especially in the 
fertilizer field, where consumption is 
given by state. There were also some 
wartime end-use patterns published for 
1944 and 1945. These complete data, 
however, are the exception rather than 
the rule. The standard method is to take 
production figures for the consuming in 
dustries and convert them into require- 
ments for the chemicals in question, for 
example conversion of tire production 
into carbon black requirements or con- 
version of paper production into size. 
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For many processes chemical require- 
ments per unit of production can be 
found in the literature. 


Foreign Trade. Import statistics are 
essential for checking not only foreign 
competition but also foreign sources of 


chemical raw materials. The official 
figures are presented in the Census Bu- 
reau’s Report FT-110. This report 


comes out monthly and for hundreds of 
products gives quantity and dollar-value 
figures, both broken down by country of 
origin. For instance, the benzene im- 
ports for 1950, given in Table 2, show 
that the principal source was the United 
Kingdom and also reveal some interest- 
ing differences in average prices paid. 
The FT-110 report is arranged by com- 


Special Sources. The first two 
sources, relatively new (see Table 3). 
result directly from the mobilization pro 
gram and cover, respectively, govern 
ment procurement and industrial expan 
sion programs. These are particularly 
important; for unlike most previous 
publications discussed, which merely 
recorded the past, these point out mar 
kets both now and in the future. 

Consolidated Synopsis of Procure 
ments is a daily summary of bid-invita 
tion announcements and contract awards. 
The bid invitations indicate possibilities 
for millions of dollars of direct sales to 
the government. The award informa- 
tion shows how subcontracts are allotted 
and just which companies to contact for 


TABLE 2 BENZENE IMPORTS — 1950 
Average 
Country of Quantity Value Price 
Origin (1000 gal.) ($1,000) cents/gal.) 
Germany 479 230 a9 
Belgium 350 160 46 
Poland 4,790 1,180 25 
Czechoslovakia 970 240 25 
United Kingdom 15,440 4.420 29 
Total 23,290 6 570 
Note: Average prices computed. 
modity code number instead of alpha TABLE 3. SPECIAL SOURCES 


betically, necessitating the index, Sche 
dule A, which also gives the tariff rate. 
Comparable publications are available 
for exports (FT-410 and Schedule B). 

Time lag in issuance of these reports 
is about two months. Data can be ob- 
tained a month earlier from the code 
runs available at the Commerce Depart- 
ment in Washington. These runs are 
doubly useful in that they supply data 
broken down by customs district, which 
may give a lead on where the material 
is going. The latter figures do not ap- 
pear in published form. 


Price. Two types of prices may be 
needed, spot prices or a series of his- 
toric prices upon which to project future 
trends, 

The best sources for spot prices are 
the trade journals. In the field of chem- 
icals, the most complete quotations are 
in Oil, Paint and Drug Reporter. Also, 
Chemical and Engineering News has 
been reproducing one quarter of this 
list each week. If average prices are 
adequate for research needs, they may 
be computed from the publications men- 
tioned earlier, which give data both in 
quantity and value. If a price is needed 
which is not in one of the publications, 
the purchasing department can doubtless 
secure it. 

Noteworthy for giving historic price 
series are the publications of the Bureau 
of Labor Statistics. Of primary interest 
to engineers may be the wholesale price 
index with its breakdown by commodity 
groups. This is presently being modified 
to change the base from 1926 to 1947-49 
and to include the effect of new materials 
such as plastics 
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urther sales. There is no mail distribu 
tion of the daily synopsis, but it is re 
portedly distributed to several thousand 
pickup points in the United States: reg 
ional Commerce Department offices, 
chambers of commerce, and other busi 
ness groups. Secondary sources for this 
information are the U. S. Government 
\dvertiser, a private weekly compila 
tion, and a weekly Bureau of Labor 
Standards summary of contract-award 
information. The latter is less detailed 
on product description but has the ad 
vantage of being classified. 

Defense Production Record is a sum 
mary of mobilization data from the 
daily press releases of the National Pro 
duction Authority and Defense Produc 
tion Administration. These are particu 
larly important to equipment company 
men for they include data on national 
goals for expanded production capacity 
One such, for example, is the proposed 
phthalic anhydride capacity expansion 
hy 1955 to 368 million pounds from 228 
million January 1, 1950. These releases 
even indicate actual equipment custom 
ers in their listings of tax amortization 
grants. The Certificate of Necessity 
award lists give company name, plant 
location, product, and the dollar value 
of the expansions, which engineers can 
convert into estimates of additional ca- 
pacity. Defense Production Record not 
only summarizes these data, but also 
cites the press releases in which further 
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Chemical and 


found 
Engineering News and Chemical Week 
have also been summarizing these data 


details can be 


Trade Directories. This discussion 
has been dealing largely with industry 
data. Data are also needed on individual 
companies—customers and competitors 

First, with regard to names of cus 
tomers and competitors, there are 
trade directories. Besides the familiar 
Chemical Week Buyers Guide Book and 
the Oil, Paint, and Drug Reporter Green 
Book, there is, for more comprehensive 
coverage, including detail on plant loca 
tions, the Modern Plastics Encyclopedia 
and the MeGraw-Hill Directory 
Chemicals and Producers. And there are 
equally useful directories in other fields, 
directories — that often provide 
ready-made customer lists. For example 
in the paper field, Lockwood's Annual 
including 


ol 


can 


gives data on mills by states, 
types of paper, equipment, capacity, and 
key men, 
Trade-association-membership — direc 

tories may also provide lists of compan 
rhe 
names of trade associations can be ob 
excellent 


ies that are prospective Customers 


government 
Associations of the 
United Also, there are other 
government publications. The Tariff 
Commission's Synthetic Organic Chem 
icals Report lists the producers of every 
organic chemical made in the United 
States. Lists in the Bureau of Mines 
reports may also indicate customers, The 
C.A.A. can provide pesticide manutac 
turers and other interested people with a 
list of every licensed aircraft sprayer 
in the country. Figure 2 illustrates the 
type ot data to be derived from govern 
ment sources—a ready-made map of all 


from an 
National 
States. 


tained 


book, 


customers for wood preservatives 


Financial Data. For a quick pu 
ture—sales, profits, plant lecations, gen 
eral products, key executives, ete.—there 


are several good financial references 
Moody's Industrials, Standard and 
Poor's, and Dun & Bradstreet Report 


However, engineers, especially equip 
ment men, may be more interested in 
plant expansion plans For these, writ 
to the various companies for their an 


nual reports. These in almost every case 
compare the coming year's plant expen 
diture with the past and in many cases 
tie this down to specific expansions. In 
addition, some give data on research ex 
penditures. The most detailed data on 


company expansion plans are provided 


by underwriters’ prospectuses accom 
panying new stock issues, for the S.EA 
requires companies to tell where and 
how the new money will be used. Copice 


may be obtained from a stockbroker 


Indexes. Chemical market research 
has an extraordinary range of interests 
at times requiring specialized data or 
To locate 


ialized sources ‘ 


almost every type of industry. 
the 


hundreds of 
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knowledge of indexes is necessary. Mar- 
ket Research Sources, a government pub- 
lication for this purpose, was brought 
up to date in 1950 and is an excellent 
starter. Chemical Industries published a 
long series of articles in 1946 and 1947, 
which described and listed hundreds of 


sources for chemical market research. 
There are catalogs of the various 
government agencies besides those 


already listed. The Survey of Current 
Business, presenting thousands of sta- 
tistical series with source citations, is 
another valuable check list of sources. 
\lthough old, the Commerce Depart- 
ment’s Chemical Statistics Directories, 
covering 1945 to 1947 only, are still 
usciul for index work. 


Contacts. Market research informa- 
tion goes far beyond statistics. Its broad 
scope includes data on methods of use, 
competition from substitute products and 
alternate processes, the future of taxes 
and government regulations, and all 
other factors which affect the competi- 
tive situation and the company’s position 
in the market picture. In every worth 
while market survey the literature study 
must be supplemented by field work to 
learn what is behind the figures and 
where the trends are leading. Industry 
contacts who know and trust him are 
among a market researcher's most valu- 
able assets. Some of the best contacts 
are: 


1. The potential customer's purchasing 
agents and research directors, who 
can give their requirements outlook 
over both the short and long term. 

2. Suppliers of raw materials, whose 
sales managers and directors of devel 
opment will wish to aid a new project 

3. Trade-journal editors, skilled inter- 
preters of industrial situations. 

4. Government experts, such as N.P.A. 
commodity specialists, mostly technical 
men, one of whose principal functions 
is to analyze the outlook for various 
chemicals to determine whether ex- 
pansion is justified. (They cannot re- 
veal confidential data, but they can 
give a good over-all picture.) 

Trade association executives with 

both broad and detailed knowledge of 

their industries. 


nm 


Despite all the help outlined above, 
however, there is no simple solution to 
chemical market research problems. The 
researcher must roll up his sleeves, get 
out his slide rule, and apply his technical 
know-how to the data he painstakingly 
accumulates. 
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library. \bstract available separately 
(August, 1952.) 


MASS TRANSFER STUDIES IN COUNTERCUR- 
RENT LIQUID-LIQUID EXTRACTION SYSTEMS,* 
Adan E. Skrzec. Virginia Polytechnic Insti- 
tutte. Prof. N. F. Murphy. 421 pp. One 
copy available in library. Also available 
from University Microfilms, Ann Arbor, 
Mich. Abstract and conclusions available 
separately. (June, 1952.) 


ROTATING WETTED-WALL LIQUID-LIQUID EX- 
TRACTION USING THE SYSTEM NORMAL PRO- 
PANOL-TETRACHLORETHYLENE - WATER, Albert 
LeRoy Purvis. University of Washington. 
Prot. R. W. Moulton. One copy available 
in library. Photostat 30 cents a page; mi- 
crofilm 3 cents a page. (March, 1952.) 


SOLVENT EXTRACTION OF VEGETABLE OILS, 
Jagdish C. Agarwal. Polytechnic Institute of 


srooklyn. Dr. D. F. Othmer and Dr. W. F. 
Schurig. 164 pp. One copy available in 
Chemical Engineering Office. (June, 1951.) 


STUDY OF SOME QUATERNARY LIQUID EX- 
TRACTION SYSTEMS WITH TWO LIQUID PAIRS 
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OF NEGLIGIBLE MISCIBILITIES,* Yi-Chung 
Chang. University of Washington. Prot 
R. W. Moulton. 117 pp. One copy available 
in library. Photostat 30 cents a page; mi- 
crotilm 3 cents a page. (March, 1952.) 


Fluidizati 


BLENDING AND CONVEYING OF CERAMIC 
RAW MATERIALS BY FLUIDIZATION, Robert 


A. Koble. West Virginia University. Profs. 
FP. R. Jones and W. A. Koehler. 110 pp. 
Iwo copies available in library. (July, 
1952.) 


ENTRAINMENT OF SOLIDS FROM A FLUIDIZED 
BED,* Daniel Hyman. Massachusetts Institute 
ot Technology. Prof. E. R. Gilliland. Pho 
tostats and microfilms available from Hay- 
den Library, M.1.T. (September, 1952.) 


MECHANISMS OF FLUID-PHASE MIXING IN 
FIXED AND FLUIDIZED BEDS OF UNIFORMLY 
SIZED SPHERICAL PARTICLES,* George A. 
Latinen. Princeton University. Prof. R. Hi. 
Wilhelm. 66 pp. One copy available in li 
brary. Abstract and conclusions available 
separately. (December, 1951.) 


Fluid Mechanics 


CHARACTERISTICS OF TURBULENT FLOW IN 
DUCTS WITH TEMPERATURE GRADIENT," Rich- 
ard W. Kunstman. University of Illinois. 
Prof. Hi. F. Johnstone. 167 pp. Two copies 
available in library. Conclusions and ab- 
stract available separately. (May, 1952.) 


CO-CURRENT TURBULENT-TURBULENT FLOW OF 
AIR AND WATER-—CLAY SUSPENSIONS IN HOR- 
IZONTAL PIPE,* Henderson Crawford Ward. 
Georgia Institute of Technology. Prof. J 
M. DallaValle. 183 pp. Two copies avail 
able im library \bstract available 
rately. (September, 1952.) 


sepa 


EFFECT OF SHAPE AND DENSITY ON THE FREE 
SETTLING RATES OF PARTICLES AT HIGH REY- 
NOLDS NUMBERS,* Dee Heaton Barker. 
versity of Utah. Prof. E. Bb. Christiansen. 
221 pp. One copy available in library. Ab 
stract and conclusions available separately 
(August, 1951.) 


EFFECT OF THERMAL GRADIENTS ON MASS 
DIFFUSION THROUGH POROUS MEDIA IN 
TWO-PHASE LIQUID SYSTEMS, James Lear 
Gurney. Massachusetts Institute of Tech- 
nology. Prof. W. K. Lewis. Photostats and 
microfilms available from Hayden Library, 
M.I.T. (January, 1952.) 


EFFECT OF VOID FRACTION ON THE PRESSURE 
DROP THROUGH BEDS OF REGULARLY PACKED 
SPHERES,* William W. Shuster. Kensselaer 
Polytechnic Institute. Prof. L. S. Coonley. 
73 pp. One copy available in library. (June, 
1952.) 

FLOW DISTRIBUTION IN PACKED COLUMNS, 
Clarence Ernest Schwortz, Purdue Univer- 
sity. Prof. J. M. Smith. 224 pp. One copy 
available in library. Negative Photostats 
negative and positive 30 cents and 60 cents 
a page, respectively ; microfilm 5 to 10 cents 
a page. (June, 1952.) 


FLOW OF GASES THROUGH CONSOLIDATED 
POROUS MEDIA, David Cornell. University of 
Michigan. Prof. D. L. Katz. 169 pp. One 
copy available in general library. Microfilm 
1144 cents a page. Abstracts and conclusions 
available separately from University Micro 
films. (1952.) 


LIMITING FLOW RATES FOR LIQUID-LIQUID 
SYSTEMS IN PACKED COLUMNS,* Herman lL. 
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Glotzer. Syracuse University. C. S. Grove. 
One copy on file in library. (June, 1952.) 


PNEUMATIC CONVEYING OF MATERIALS OF 
UNIT DENSITY IN A THREE-INCH PIPE,* John 
M. Culgon. Georgia Institute of Technology. 
Prof. J. M. DallaValle. 90 pp. Two copies 
available in library. Abstract available 
separately. (May, 1952.) 


RESIDUAL EQUILIBRIUM SATURATION OF POR 
OUS MEDIA, Henry Stephen Dombrowski. Uni 
versity of Michigan. Prof. L. E. Brownell 


159 pp. One copy available in general li 
brary. Microfilm 1'4 cents a page. Con 
clusions and abstract available separately 


irom University Microfilms. (1952.) 
STUDY OF FLOODING IN PACKED COLUMNS, 
Tom Brooks Metcalfe. Gicorgia Institute ot 
Technology. Prof. W. M. Newton. 74 pp. 
Two copies available in library. Abstract 
available separately. (June, 1952.) 


VERTICAL, UPWARD, ANNULAR, TWO-PHASE 
FLOW IN SMOOTH TUBES, Seymour Calvert. 
University of Michigan. Prof. Brymer Wil 
liams. 105 pp. One copy available in gen 
eral library. Microfilms 1'4 cents a page 
Abstract and conclusions available 
rately from University Microfilms 


sepa 
(1952.) 


VISCOSITY OF SUSPENSIONS OF SPHERICAL 
AND OTHER ISO-DIMENSIONAL PARTICLES IN 
LIQUIDS AND A HYPOTHESIS OF PARTICLE 
PACKING IN SUSPENSIONS,* Andrew Pusheng 
Ting. University of Missouri. Prof. R. I 
Luebbers. 179 pp. Microfilms available at 
1% cents a page from University Micro 
films. (August, 1952.) 


Heat Transfer 


BED-WALL HEAT TRANSFER COEFFICIENTS IN 
A FLUIDIZED SYSTEM, Octave Levenspiel. ()r« 
gon State College. Prof. J. S. Walton. 103 
pp. One copy available in library. (1952.) 


CONVECTIVE HEAT TRANSFER FROM A GAS 
STREAM AT HIGH TEMPERATURE TO A CYLIN. 
DER NORMAL TO THE FLOW, Stuart Winston 
Churchill. University of Michigan. Prof. J. 


C. Brier. 170 pp. One copy available in 
general library. Microfilms 154 cents a 
page. Abstracts and conclusions availabl 
separately from University Microfilms 
(1952.) 


EFFECTS OF FLUID PROPERTIES ON BOILING 
COEFFICIENTS, John Earle Myers. | niversity 
of Michigan. Prof. D. L. Katz. 138 pp 
One copy available in general library. Mi- 
crofilms 144 cents a page. Abstracts and 
conclusions separately available from Uni 
versity Microfilms. (1952.) 


HEAT AND MOMENTUM TRANSFER BETWEEN 
A SPHERICAL PARTICLE AND AIR STREAMS," 
Y. S. Tang. University of Florida. Prof. J 
M. Duncan and Prof. H. E. Schweyer. 105 
pp. (February, 1952.) 


HEAT AND MOMENTUM TRANSFER IN TURBU- 
LENT FLOW OF MERCURY,* Sheldon E. Isckoff. 
Columbia University. Prof. T. B. Drew 
One copy available in library. For micro 
film write University Microfilms. (June, 
1952.) 


HEAT TRANSFER AND FLUID FRICTION DURING 
FLOW THROUGH BAFFLED SHELL AND TUBE 
HEAT EXCHANGERS,* Frederick W. Sullivan. 
University of Delaware. Prof. O. P. 
Sergelin. 127 pp. One copy available in 
Memorial library. (September, 1952.) 


HEAT TRANSFER FROM LIQUIDS FLOWING IN 
TUBES AT LOW TEMPERATURES, Herbert L. Toor. 
University. 


Northwestern Prof. F. 


Chemical Engineering Progress 


available im 
Abstracts 
(Jan 


Stutzman. 8&7 pp. One copy 
lechnological Institute library 
and conclusions separately available. 
uary, 7952.) 


HEAT TRANSFER, PRESSURE DROP AND TEM 
PERATURE GRADIENTS IN FIXED BEDS OF 
SPHERICAL AND CYLINDRICAL SOLIDS, John M. 
Campbell. University of Oklahoma. Prof 
kK. L. Huntington. 136 pp. Three copies 
available at university. Abstracts and con 
clusions available as reprints from Petro 
leum Refiner. (1951.) 


HEAT TRANSFER STUDIES IN DISPERSE PHASE 
REGION OF GAS-SOLID SYSTEMS,* August H 
Pritzlaff, Jr. Northwestern University. Prot 
George Thodos. 113 pp. One copy available 
in Technological Institute library (Jan 
uary, 1952.) 


HEAT TRANSFER STUDIES IN FLUIDIZED BED 


REGION OF GAS-SOLID SYSTEMS,* W. T 
Brozelton. Northwestern University. Prot 
George Thodos. 87 pp. One copy available 


in Technological Institute library. (Decem 


ber, 1951.) 


RADIANT HEAT TRANSFER FROM SUPERHEATED 
STEAM,* Henry Jackson Ramey, Jr. Purdue 
University. Prof. J. M. Smith. 266 pp 
Photostats. negative 30 cents, and positive 
OO cents a page, respectively; microfilm § 
to 10 cents a page. (June, 1952.) 

SIMULTANEOUS HEAT AND MASS TRANSFER IN 
A DIFFUSION-CONTROLLED CHEMICAL REAC 
TION, Hyman Resnick. Massachusetts Insti 
tute of Technology. Prof, C. N. Satterfield 
Photostats and microfilms from 


Hayden library, M.1.T. (June, 


available 
1952.) 


SURFACE VARIABLES IN BOILING, Claude Corty 
University of Michigan. Prof. A. S. Foust 
246 pp. One copy available from general 
library. Microfilms 144 cents a page. Ab 
stract and conclusions available separately 
irom University Microfilms, (1952) 


THERMAL CONDUCTIVITY OF GAS MIXTURES 
AT HIGH PRESSURE,* William A. Junk, Jr 
University of Hlinois. Prof. EK. W. Com 
102 pp. Two copies available in h 

Abstract and conclusions availabl 
(May, 1952.) 


brary 
separately 


THERMAL CONDUCTIVITY OF LIQUIDS,* Tad 
euvsz K. Slowecki. (miversity of Pennsyl 
Prot. M. C. Molstad, 152 pp. Two 
copies available in Department of Chemical 
bnginecring \bstract 
available separately. (June, 


Valila 


and = conclusions 
1952.) 


TRANSFER COEFFICIENTS IN COOLER-CON 
DENSERS,* David L. McKinley. University ot 
Illinois. Prof. Hl. F. Johnstone. 121 pp 
‘Two copies available in library. Abstract 
and conclusions available separately. (Sep 
tember, 1952.) 


lon Exchange 


RATES OF ALCOHOLYSIS AND DIFFUSION IN 
1ON-EXCHANGE RESINS,* George Edward 
Borker. University of Michigan. Prof. R. R 
White. 132 pp. One copy available in gen 
eral library. Microfilms 144 cents a page 
\bstract conclusions available sepa 
rately from University Microfilms, (1952.) 


RECOVERY OF METALS FROM DILUTE BRASS 
MILL,* Peter Frank Hagerty. University 
Prof. Harding Bliss. 477 pp. One copy 
available in Sterling Memorial Library. Ab 
stract and conclusions available separately 
(June, 1952.) 
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ANALOGUE OF ALTERNATING CURRENT 
THEORY APPLIED TO DIFFUSION PROCESSES IN 
BEDS OF POROUS CATALYST CARRIERS,* Paul 
F. Deisler, Jr. Princeton University. Prof. 
Rk. H. Wilhelm. 168 pp. One copy available 
in library. (June, 1952.) 


CATALYSIS FOR HYDROCARBON SYNTHESIS,* 
Lovis George Smith. Illinois Institute of 
Technology. Prof. V. I. Komarewsky. 102 
pp. One copy available in library. (Jan- 
uary, 1952.) 

CONTINUOUS FIXED BED CATALYTIC HYDRO- 
GENATION OF COTTONSEED OIL, Edgor W. 
Miller. Case Institute of Technology. Prof 
R. L. Savage. 183 pp. Two copies available 


in library. Photostat 25 cents a_ page. 
(1951.) 

CONTINUOUS HYDROLYSIS OF BENZOYL 
CHLORIDE,* Robert Edgar Pyle. West Vir- 


ginia University. Prof. H. P. Simons. 96 
pp. Two copies available in library. (Sep- 
tember, 1952.) 


DIFFUSION IN CATALYTIC HETEROGENEOUS 
SYSTEMS-—-STUDIES IN VAPOR PHASE ESTERI- 
FICATION,* Michael Stusiok. ('niversity of 
Minnesota. Prof. N. R. Amundson. 190 pp 
Filed in library but not available for loan 
(October, 1952.) 


EFFECT OF PARTICLE SIZE IN THE VAPOR 
PHASE CATALYTIC HYDROGENATION OF BEN- 
ZENE ON A SUPPORTED NICKEL CATALYST,* 
Robert Francis Burke. Carnegie Institute of 


Technology. Prof. R. B. Beckmann, 113 
pp. One copy available in library. (May, 
1952.) 


EXPLOSIVE PROPERTIES OF SUGAR DUSTS, 
Richard Lee Meek. (icorgia Institute of 
Technology. Prof. J. M. DallaValle. 120 
pp. Two copies available in library. Ab 
stract available separately. (April, 1952.) 


FACTORS AFFECTING THE ACTIVITY OF MOLYB- 
DENE-ALUMINA CATALYST,* Charles J. G. 
Rudershausen. University of Wisconsin. 
Prof. C. C. Watson. One copy available 
in library. Photostat 5 cents a page; micro- 
film 15 cents an exposure. (June, 1952.) 


HIGH-TEMPERATURE VAPOR-PHASE CRACKING 
OF HYDROCARBONS, Henry Robert Linden. 
Illinois Institute of Technology. Prof. R. E. 
Peck. 109 pp. One copy available in li- 
brary. (June, 1952.) 


HYDROLYSIS OF CELLULOSE IN CONCEN- 
TRATED HYDROCHLORIC ACID SOLUTION,* 
Roderick Chung-Chao Shen. University of 
Washington. Prof. J. L. MeCarthy. 75 pp. 
One copy available in library. Photostat 30 
cents a page; microfilm 3 cents a page. 
(June, 1952.) 


KINETICS OF THE CATALYTIC OXIDATION OF 
NITRIC OXIDE BY CARBON,* Mokka Narasinga 
Rao. University of Wisconsin. Prof. O. A. 
Hougen. 135 pp. One copy available in li- 
brary. Photostat 5 cents a page; microfilm 
15 cents an exposure. (June, 1952.) 


KINETICS OF DECOMPOSITION OF NICKEL 
CARBONYL,* David Albert Nelson. \niversity 
of Wisconsin. Prof. O. A. Hougen. One 
copy available in library. Photostat 5 cents 
a page; microfilm 15 cents an exposure. 
(June, 1952.) 

KINETICS OF POWDERED COAL GASIFICATION, 
Robert M. Busche. Washington University. 
Prof. W. P. Armstrong. 273 pp. Two cop- 
ies available in engineering library. (June, 
1952.) 

KINETICS OF THE REDUCTION OF NICKEL 
OXIDE, Kuang Hua Yang. University of Wis- 
consin. Prof. O. A. Hougen. One copy 
available in library. Photostat 5 cents a 


Chemical Engineering Progress 


page; microfilm 15 
(June, 1951.) 


KINETICS OF THE REDUCTION OF TUNGSTEN 
OXIDE WITH HYDROGEN,* Leonard A. Cullo. 
Rensselaer Polytechnic Institute. Prof. Joel 
O. Hougen. 50 pp. One copy available in 
library. (June, 1952.) 


cents an exposure. 


KINETICS OF SOLID GAS REACTIONS IN FLUID 
BEDS,* James D. Batchelor. \'niversity of Il- 
linois. Prof. H. F. Johnstone. 72 pp. Two 
copies available in library. Abstract and 
conclusions separately available. (October, 
1952.) 


KINETICS OF WOOD PULPING BY SODIUM 
SULFITE, Laxomangudi K. Doraiswomy. Univer- 
sity of Wisconsin. Prof. O. A. Hougen. 79 
pp. One copy available in main library. 
Photostat 5 cents a page; microfilm 15 cents 
an exposure. (February, 1952.) 


NEW TOOLS FOR DETERMINING THE STAGE 
OF POLYMERIZATION OF PHENOL-FORMALDE- 
HYDE CONDENSATES,* George A. Sofer. Mas- 
sachusetts Institute of Technology. Prof. 
FE. A. Hauser. Photostats and microfilms 
available from Hayden Library, M.LT. 
(S« ptember, 1952.) 


PRODUCTION OF VINYL CHLORIDE IN A FLUID- 
IZED CATALYST BED,* Leonard E. Frescoln. 
Case Institute of Technology. Prof. R. L. 
Savage. 84 pp. Two copies available in 
library. Photostat 25 cents a page. (1951.) 


RATES OF COKE-OXYGEN REACTION BETWEEN 
700° C. AND 1000°C.,* John Charles Ornea. 
Carnegie Institue of Technology. Prof. A. 
A. Orning. 102 pp. One copy available in 
library. (May, 1952.) 


REACTION KINETICS AND HEAT TRANSFER IN 
PACKED BEDS, Wesley Breeden Argo. |’urdue 
University. Prof. J. M. Smith. 162 pp. 
One copy available in library. Photostats— 
negative and positive 30 cents and 60 cents 
a page, respectively ; microfilm 5 to 10 cents 
a page. (June, 1952.) 


REACTIVITY OF DEPOSITED CARBON,* Peter 
Harriott. Massachusetts Institute of Tech- 
nology. Prof. E. R. Gilliland and Prof. W. 
K. Lewis. Photostats and microfilms avail- 
able from Hayden Library, M.I.T. (June, 
1952). 


SPECYROPHOTOMETRIC STUDY OF LOCAL 
FLAME RADIATION, Frederick Welty. Univer- 


sity of Delaware. Prof. Kurt Wohl. 140 
pp. One copy available in Memorial Li- 
brary. (September, 1952.) 


SYNTHESIS OF METHANE BY THE HYDROGENA- 
TION OF CARBON MONOXIDE IN A TUBULAR 
REACTOR,* Murray Mack Gilkeson, Jr. Univer- 
sity of Michigan. Prof. R. R. White. 175 
pp. One copy available in general library. 
Microfilm 1%4 cents a page. Abstract and 
conclusions separately available from Uni- 
versity Microfilms. (1952.) 


VAPOR PHASE DEHYDRATION OF AN ALCOHOL 
AND ETHER,* Robert Martin Langer. Yale 
University. Prof. C. A. Walker. 185 pp. 
One copy in Sterling Memorial Library. 
Abstract and conclusions available sepa- 
rately. (June, 1952.) 


Mass Transfer 


CONTINUOUS FLOW STIRRED TANK REACTORS 
—SOLID-LIQUID SYSTEMS,* Robert V. Mattern. 
University of Minnesota. Prof. E. L. Piret. 
43 pp. Unavailable. (March, 1952.) 


FILM COEFFICIENTS FOR MASS TRANSFER DUR- 
ING LIQUID ATOMIZATION,* Milford C. Tassler. 
University of Illinois. Prof. H. F. John- 


stone. 77 pp. Two copies available in li- 
brary. Abstract and conclusions available 
separately. (September, 1952.) 


MASS TRANSFER BETWEEN IMMISCIBLE LI- 
QUIDS IN CONTINUOUS FLOW IN AN AGI- 
TATED SECTION OF AN EXTRACTION COLUMN, 
Andrew E. Karr. Polytechnic Institute of 
Brooklyn. Dr. D. F. Othmer and Dr. E. G. 
Scheibel. 105 pp. One copy available in 
Chemical Engineering office. (June, 1952.) 


MASS TRANSFER BETWEEN LIQUID DROPS AND 
A CONTINUOUS LIQUID PHASE IN A COUN- 
TERCURRENT FLUIDIZED SYSTEM,* Charles L. 
Ruby, Jr. Princeton University. Prof. J. C. 
Elgin. 65 pp. One copy available in library. 
Abstract and conclusions available sepa- 
rately. (June, 1952.) 


MASS TRANSFER BETWEEN SOLID WALL AND 
FLUID STREAMS,* Cheng-Sen Lin. University 
of Washington. Prof. R. W. Moulton. 130 
pp. One copy available in library. Photo- 
stat 30 cents a page; microfilm 3 cents a 
page. (March, 1952.) 


MASS TRANSFER IN FLUIDIZED 
Kalil. Polytechnic Institute of 
Prof. J. C. Chu. One copy 
Chemical Engineering Office 


BEDS, James 
Brooklyn 
available in 


(June, 1951.) 


MASS TRANSPORT IN SPRAY-LADEN TURBULENT 
AIR, George Henry Kesler. Massachusetts In- 
stitute of Technology. Prof. H. C. Hottel 
and Prof. G. C. Williams. Photostats and 
microfilms available from Hlayden Library, 
M.I.T. (January, 1952.) 


DETERMINATION AND THERMODYNAMIC COR- 
RELATION OF VAPOR-LIQUID EQUILIBRIUM 
DATA FOR THE WATER-ACETIC ACID SYSTEM, 
Salvatore John Silvis. Polytechnic Institute 
of Brooklyn. Dr. D. F. Othmer. 191 pp 
One copy available in Chemical Engineer- 
ing Office. (June, 1951.) 


ON THE VAPOR-LIQUID EQUILIBRIA OF NON- 
IDEAL SYSTEMS,* Stephen Yerazunis. Rens- 
selaer Polytechnic Institute. Prof. H. H. 
Steinhauser, Jr. 68 pp. One copy available 
in library. (June, 1952.) 


PHASE EQUILIBRIA INN THE 1-BUTENE-WATER 
SYSTEM AND THE n-EUTANE-WATER SYSTEM,* 
Warren Booth Brooks. University of Texas. 
Prof. J. J. McKetta, Jr. 148 pp. Two cop- 
ies available in library. (May, 1952.) 


PHASE EQUILIBRIUM IN SYSTEMS WITH SUPER- 
CRITICAL ETHYLENE,* David B. Todd. Prince- 
ton University. Prof. J. C. Elgin. 122 pp. 
One copy available in library. Abstract and 
conclusions available separately. ( Novem- 
ber, 1951.) 


PREDICTION, MEASUREMENT AND CORRELA- 
TION OF BINARY VAPOR-LIQUID EQUILIBRIA,* 
Edwin Thomas Williams. Pennsylvania State 
College. Prof. Arthur Rose. 129 pp. Fif- 
teen copies available in Department of 
Chemical Engineering. (September, 1952.) 


TWO-PHASE AND THREE-PHASE EQUILIBRIA IN 
THE SYSTEM: CARBON DIOXIDE-METHANE,* 
Harold George Donnelly. University of Mich- 
igan. Prof. D. L. Katz. 218 pp. One copy 
available in general library. Microfilm 1'4 
cents a page. Abstract and conclusions sep- 
arately available from University Micro- 
films. (1952.) 


VAPOR-LIQUID EQUILIBRIA IN THE BINARY 
SYSTEMS n-BUTANE-METHANOL AND 1-BUTANE- 
METHANOL,* William Joseph Boyne. Purdue 
University. Prof. T. C. Doody. 98 pp. 
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One copy available in library. Photostats 
negative and positive 30 cents and 60 cents 
a page, respectively ; microfilm 5 to 10 cents 
a page. (June, 1952.) 


VAPOR-LIQUID EQUILIBRIUM IN THE SYSTEM 
NAPHTHALENE, n-TETRADECANE,  1-HEXADE- 
CENE AT 200 mm. Hg ABSOLUTE,* Stanley 
Herbert Ward. University of Texas. Prof. 
M. Van Winkle. 197 pp. Two copies avail- 
able in library. (May, 1952.) 


VOLATILITY CHARACTERISTICS OF HIGH-BOIL- 
ING HYDROCARBONS,* Henry S. Myers, Jr. 
Pennsylvania State College. Dr. M. R. 
Fenske. 177 pp. One copy available in main 
library. (June, 1952.) 


Thermodynamics 


HIGH PRESSURE VAPOR-LIQUID EQUILIBRIA IN 
NON-IDEAL SYSTEMS,* Luh Cheng Tao. Uni- 
versity of Wisconsin. Prof. O. A. Hougen. 
One copy available in main library. Photo- 
stat 5 cents a page; microfilm 15 cents an 
exposure. (June, 1952.) 


LIQUID-VAPOR EQUILIBRIUM RELATIONS IN 
THE SYSTEM CARBON DIOXIDE-HYDROGEN 
SULFUR,* James Allison Bierlein. Ohio State 
University. Prof. W. B. Kay. 85 pp. One 
copy available in library. (December, 
1951.) 


PHASE EQUILIBRIA AND THERMODYNAMICS 
OF SOLUTIONS, Jay H. Ashley. Northwest- 
ern University. Prof. George Martin 
Brown. 8&2 pp. One copy available in Tech- 
nological Institute Library. (August, 
1952.) 


PHASE AND VOLUMETRIC BEHAVIOR OF NA- 
TURAL GASES AT LOW TEMPERATURES AND 
HIGH PRESSURES, INCLUDING THE CRITICAL 
STATES,* Phillip C. Davis. University of 
Kansas. Prof. Fred Kurata. 215 pp. One 
copy available in library. { December, 1951.) 


EFFECT OF ULTRASONIC IRRADIATION ON THE 
SPECIFIC REACTION RATE CONSTANT IN THE 
ACID HYDROLYSIS OF ETHYL ACETATE, Walter 
C. Gray. Virginia Polytechnic Institute. 
Prot. F. C. Vilbrandt. 470 pp. Loan can 
be arranged with library. (June, 1952.) 


Miscellaneous 


DEGREASING EVALUATION TESTS FOR METALS 
PRIOR TO ELECTROPLATING,* Edward Basil 
Saubestre. Columbia University. Prof. H. 
B. Linford. Withheld until May 23, 1954 
(June, 1952.) 


DESORPTION OF HYDROCARBONS FROM AN 
UNCONSOLIDATED SAND, Charles W. Oxford. 
University of Oklahoma. Prof. R. L. Hunt- 
ington. 113 pp. Three copies available in 
library. (1952.) 


DISCHARGE FLOW PATTERNS OF TURBINE- 
TYPE MIXING IMPELLERS,* John Peter Sachs. 
Illinois Institute of Technology. Prof. J. 
Henry Rushton. 85 pp. One copy available 
in library. (June, 1952.) 


ENERGY—NEW SURFACE RELATIONSHIP IN 
THE CRUSHING OF SOLIDS. Vi. EFFECT OF 
TEMPERATURE,* Norman F. Schulz. Univer- 
sity of Minnesota. Prof. E. L. Piret. 107 
pp. Unavailable. (September, 1951.) 


FORMATION OF CHEMICAL FILM DEPOSITS ON 
ALUMINUM SURFACES, Robert V. Andrews. 
A. & M. College of Texas. Prof. P. G. 
Murdoch. Filed with A.E.C. Secret Docu 
mentation HW 23494 dated Feb. 8, 1952. 
Available to authorized persons. Table of 


contents, lists of tables and figures, avail- 
able at college. 


(May, 1952.) 
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HYDROCARBON SEPARATIONS BY VAPOR- 


LIQUID EXTRACTION,* Robert G. Geier. [’enn- 
sylvania State College. Dr. M. R. Fenske 
242 pp. One copy available in library 


(January, 1952.) 


PERFORMANCE OF PACKED TOWER OPERAT 
ING AS COLD WATER VACUUM DEAERATOR, 
Elmer L. Knoedler, Jr. Columbia University 
Prof. C. F. Bonilla. Withheld until June 6, 
1954. (June, 1952.) 


PREFLAME OXIDATION OF HYDROCARBONS 
AND DETONATION,” Bosil J. Reitzer North- 
western University. Prof. G. G. Lamb 
One copy available in Technological Insti 
tute Library. (August, 1952.) 


SOME VARIABLES AFFECTING THE RATE OF 
CRYSTAL GROWTH IN AQUEOUS SOLUTIONS 


(POTASSIUM ALUM),* Joseph Anthony Palermo. 
Syracuse University. Prof. C. S. Grove, Jr 


234 pp. One copy available in library 
( June, 1952.) 
SPECTROPHOTOMETRIC STUDIES: * 1. FERRIC 


THIOCYANATE; 2. FERRIC TANNATE, Harold E. 
Corwin. Syracuse University. Prof. C. 5 
Groves, Jr. 256 pp. One copy available im 
library. (September, 1952.) 


STUDY OF THE FORMATION OF GAS BUBBLES 
FROM HORIZONTAL CIRCULAR SUBMERGED 
ORIFICES,* Leon Davidson. Columbia Univer- 
sity. Prof. Erwin H. Amick, Jr. One copy 
available in library. Photostat 10 cents a 
page; complete microfilm $2.76 from Um 
versity Microfilms. (November, 1951.) 


* Work continuing. 


LETTERS TO 


Selling Yourself 
Overemphasized? 


Sir: 

Numerous articles have been published 
to emphasize the importance of correct 
and good English in professional work 
and as a means to advancement. Since 
a new crop of engineering graduates 
enters industry each vear, good advice 
can stand repeating and for this reason 
the article by John A. Field in the 
October issue of your magazine (see p. 
482) is welcome. This article should be 
recommended to all young engineers as 
it tells why and how success is achieved 
in professional work in terms of reach 
ing positions of responsibility and high 
pay. 

However, it 
author puts too much emphasis on the 


seems to me, that the 


idea of the individual’s selling himself 
to his superiors as a sure way of achiev- 
ing success. The young engineer is told 
definitely that the burden of proof of 
ability is his and his only. Perhaps this 
attitude can be defended in the name of 
competition and rugged individualism, 
but is it in the best interest of all con 
cerned to let ability and talent go un- 
noticed in a given organization simply 
because the individual fails to attract the 
attention of his superiors ? 

There are many people of ability who 
may not be considering top positions of 
responsibility, but they will perform very 
well once they are discovered and 
“drafted.” As a matter of fact, such men 
may not even be aware that they have 
natural gifts which would make them 
highly valuable to the organization in 
higher positions. An oriental proverb 
says aptly: “He who knows and know 
not that he knows is asleep, wake him.” 
Accidental discovery of talent is not a 
reliable way of filling positions of re 
sponsibility, and for this reason man 
agement also should follow a systematu 
program of talent scouting. 

M. G. Larian 
East Lansing, Mich., Nov. 6, 1952 
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THE EDITOR 


Desideratum—Simple 
Technical Writing 


Su 

article by 
Nov ember 
titled 


seems 


interested the 
Hioward M. Mathis 
Chemical Engineering 
‘A Plea for 


me his basic idea is good 


I was 
in the 
Progress 
Simplicity.” It 
that we can 
improve technical writing by making it 
simpler. However, | would take excep 
tion to the first of his suggested guide 
posts—Try to write as you % mld speak 
One reason tor not writing as you 
would speak lies in the inherent finality 
of the written word. In speech an op 
portunity ts 
self, if necessary, to make your meaning 


The reaction of the listener often 


present lor repeating your 


cleat 
gives a clue as to whether or not further 
explanation is necessary, but the writer 
can’t predict the extent of the reader's 
understanding, hence he has an added 
responsibility in the choice of words and 
construction of sentences 


The speech of most of us ts filled with 


too many slang expressions, split 


finitives, jumbled constructions and gen 


eral disregard for our teachings in ng 


~ 
lish to serve as a model for our writings. 
It isn’t that we 


ire just lazy, and depend on tone and 


don’t know better; we 


inflection of voice, gestures, ind facial 
ssions to convey our ideas instead 


words, <A 


semantics might well be included on a 


expre 
ot well-chosen study of 
par with composition in formal English 
courses, 

I cannot point to a career as a su 
cessful author to give authority to my 
comments, but feel that Mr. Mathis and 
| have a common goal in producing more 
effective technical reports. | am in total 


accord with the other guideposts he 


suggests. 


kervin 


H.O 


Portland, Ore., Nov. 29, 1952 
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PHENOLIC CEMENT: An infusible plas- 


PLASTICS EQUIPMENT REFERENCE SHEET 


RAYMOND B. SEYMOUR and ROBERT H. STEINER 


tic material based on a mixture of a 
liquid phenolic resin and a finely 
divided inert filler, such as carbon, 
silica or acid-washed asbestos. The 
powder and liquid are usually sup- 
plied in separate containers for on- 
the-job mixing. 


APPLICATION AND REMARKS: A 


phenolic cement is prepared at the 
time of use by intimately mixing the 
phenolic liquid resin with the inert 
filler. The latter contains an acid 
which catalyzes the subsequent poly- 
merization at ordinary temperatures. 
The resulting mortar is used for join- 
ing acid-proof 
brick and tile 
to protect 
chemical ves- 
sels, stacks 


Tensile Strength, Ib. fo in. @ 75°F. 


The Atlas Mineral Products Co., Mertztown, Pa. 


fittings and pipes. Carbon-filled phe- 
nolic cements have excellent resist- 
ance to all non-oxidizing acids, salts 
and most organic solvents. Silica 
and asbestos-filled compositions are 
denser and are attacked by hydro- 
fluoric acid and its salts. 


CHEMICAL COMPOSITION: A typical 


liquid phenol-formaldehyde resin has 
a specific gravity of 1.1, a viscosity 
at 77°F. of 100 cp. and a solids 
content of 70%. A typical powder 
contains inert filler and a small 
amount of a specific acid catalyst 
such as paratoluene sulfonic acid or 
paratoluene sulfonyl chloride. 


MECHANICAL AND PHYSICAL PROPERTIES OF A TYPICAL CARBON-FILLED 


PHENOLIC CEMENT: 


WORKABILITY: Phenolic cement mor- 


tars can be readily troweled onto 
brick or tile. The working time of a 
typical phenolic cement is 20 to 30 
min. at 77°F. and is inversely re- 
lated to the temperature. The mortar 
attains a preliminary set in a few 
hours and maximum corrosion re- 
sistance after several days. 


MACHINABILITY: Shapes cast from phe- 


nolic cements can be sawed, ground, 
turned, drilled and tapped with 
ordinary metal-working machinery. 
Pieces can be cemented together 
using the same mortar if the surfaces 
are not contaminated with foreign 

material. 


TEMPERATURE 
LIMITATIONS: 


1,000 phenolic 
Elongation, % <1 

and floors and Impact Notch, Izod. ft.lb./in 0.2 cements are 

also for the Flexural Strength, in. @ 75 suitable for 

Compressive Strength, lb./sq.in @ 10,000 

molding of Modulus of Rupture, Ib. /sq.in. 1,000 continuous 

process equip- Specific Gravity “32. 212 ; service at 
Thermal Expansion (in. in. ° ) 

ment, such as Thermal Conductivity, B.tu./(eec.) (eaft.) 10-4) (32-212°F.) temperatures 

tanks, ducts, Resistivity, ohm-cm. ..... ind “a 15 up to 360° F. 


CORROSION RESISTANCE 


TYPICAL CARBON-FILLED PHENOLIC CEMENT 
H H 


H 
10% E E Ammonium Chloride, Refinery Crudes ........... E E 
cotse, ay sulfate E E Trichloroethylene E E 
Benzene sulfonic .. os E E E E 
Bori« sulfate a E E Kraft liquor .... N N 
Butyric Nickel Chloride, ‘nitrate, Black liquor .. N N 
Chromic, 5% ’ ts hite liquor Pp N 
2 3 Chlorite bleach F P 
Formic E ALKALINE SALTS 
Hydrob i Seiniacsen F Barium sulfide P N 
E Sodium bicarbonate _...... E PHOTOGRAPHIC 
Hydrocyani F E Sodium carbonate, 50% E N evelopers E E 
Hydrofluoric E E Solium sulfide, 10% Pp N General use .. E E 
Hypochlorous, 10% Trisodium phosphate, 25% E N Silver nitrate 
Nitric, Calcium chloride, sulfate .... E E neral use _. E E 
= = ide, sulfate .. 
hloric E Sodium chloride, sulfate E E Sulfuric acid pickling .. 
Ph hori E a ydrochloric acid picklin E E 
Picric E GASES H2SO4-HNOs acid F N 
Sulfuric, 50% *hlorine, wet ..... 
Sulfuric, 700% Sulfur dioxide, dry E TEXTILE INDUSTRY 
eneral use E E 
Sulfuric, 93% 2 Sulfur dioxide, wet... ...... E E 
Oleum 
Mixed Acids, N N ORGANIC MATERIALS 
— Acetone E E - 
: Breweries E 
Alcohol, thyl, ethyl E E 
ALKALIES E Dairies E CE 
Ammonium Hydroxide P N Benzene nie E E 
Calcium Hydroxide .. F P Carbon tetrachloride .. E E 
Potassium Hydroxide N N Chloroform E E Plating ; E E 
Sodium Hydroxide N N Ethyl Acetate .... E E Petroleum ...... E E 
Ethylene Chloride .. E E anning . “> E E 
ACID SALTS 39% E E Oil and Soap F F 
Alum or Aluminum Sulfate .. E E Phenol, 5% ia E E Water and Sewer E E 
RATINGS: 
No attack -Badly attacked 
a ippreciably no attack C— -70° P. () 
Seome attack but usable in some inatances. H~ -Hot—-250° F. or boiling point of test solution. 
Pr ittacked not recommended 
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he technical meeting to be held at the 
Buena Vista Hotel, 
March 8 to 11 will be devoted in large 
mineral 


Siloxi, Miss.. on 


part to a symposium on eng!- 


neering techniques. Preliminary details 
of the program appeared in the Decem 
ber issue on page 34. The symposium 
will extend over the first two days of the 
meeting and will consist of papers on 
various aspects of the subject, followed 
by round-table discussions. Other sym- 
posia will consider hydrometallurgical 
processes and fluid mechanics, and there 
will be a nontechnical session on meth- 
ods of streamlining paper shuffling. The 
complete program will appear in_ the 
February issue. 

The resort meeting, held at the end of 
the winter, offers a pleasant change from 
industrial and commercial and 
is usually less expensive than other types 
of meetings. Aside from the technical 
sessions, few activities will be planned. 
but there are ample opportunities for 
recreation. By extending their time in 
Biloxi, members may enjoy a warm- 
weather vacation to suit a variety of 
interests, 


centers 


Mississippi Gulf Coast 


Informality is the keynote of the 
Mississippi Gulf Coast, America’s 
Riviera. Sports are the main attraction 
of the twenty-six-mile-long waterfront, 
where swimming—even in March for 
hardy Northerners—, fishing from the 
wharves or from deep-sea boats, and 
sunbathing are available. Away from the 
coast, the streams offer bass, bream, and 


crappie for fresh-water fishermen, and 
several tennis courts, and three golf 
courses (green fee, $1.65; caddy fee, 


$1.50) are within five miles of the hotel. 

For fishermen, a number of hali- and 
full-day (or longer) fishing trips, aver- 
aging $50 a day, including tackle, bait, 
and ice, for 5 to 10 persons are avail 
able, as are small boats for use on the 
bays and streams. Those who prefer 
bathing will find the hotel’s private beach 
pleasant and convenient. 

Biloxi also has attractions for the his- 
torical-minded visitor. It is one of the 
oldest settlements in America, having 
been founded by French explorers in 
1699. Once the capital of the Louisiana 
Purchase Territory, the city is historic- 
ally interesting for its French and Span- 
well as for 


ish colonial associations as 
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RESORT MEETING 


A view of the Yacht Club at Biloxi, not far from the Buena Vista Hotel 


The Lipton Cup 


Fish-class Races are held here annually 


its connections with United States his- 
tory, specifically with the War of 1812 
and the Confederacy. 

Modern Biloxi still preserves many of 
its antebellum Beau 
voir, the last home of Jefferson Davis 
where he wrote “The Rise and Fall ot 
the Confederate Government”; — the 
Wood home, a plantation cottage typical 
of the region, with a raised main floor 
reached by a curved double staircase: 
Spanish House, built about 1790 and the 
sole relic of the period of Spanish rule 
in Biloxi; and French House, built be 
fore 1800. Also of interest are the light 
house, dating from 1848 and tended for 
Old 
Biloxi Cemetery, where are buried many 
of the first settlers of the region; ring 
in-the-oak, an ancient live oak perpetuat 
and Ship 


homes, imeluding 


62 years by a mother and daughter ; 


ing a romantic Indian legend; 
Island, 12 miles sovth of Biloxi and the 
base for the British fleet that tried to 
take New Orleans during the War of 
1812. 

Attractive drives and walks in the vi 
cinity Memorial the 
historic Bay of Biloxi; a 30-mile scenic 


are tridge, over 
highway along the Gulf, acclaimed as 
one of the beautiful 
America; and the paths on Deer Island, 
loveliest of the coastal islands and re 


most drives in 


nowned for its legends of Indians and 
buried pirate treasure 

\fter 
the Gulf Coast, which is reputedly the 
healthiest locality in the South, offer an 
enjoyable change. 


a long winter, a few days on 


(ood regional cook 
ing and some of the world’s best drink- 
ing water from deep artesian wells are 
further attractions of this pleasure spot, 
whose sheltered location assures a pleas- 
ant March climate of warm sunny days 
and cool nights, the average temperature 
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bemyg 67.2° F Top coats are advisable 
although they 
during the day 


usually worn throughout one’s visit 


otten 
Sports 


are unnecessary 


clothes are 


Travel and Accommodations 


Those arriving bv tram trom the 
West and North will find tram or bus 
connections for Biloxi at New Orlean 


the East the Southern and the 
Louisville and Nashville 


chrectly to Biloxi, National Airlines and 


Irom 
railroads go 


Southern Airways service Biloxi from 
the Gulfport, Miss., airport, 10) miles 
from the hotel 

The Buena Vista Hotel offers the 


American plan, often desirable at re 
sorts, at $12.50 a person a day and the 
European plan from $3.25 to $7.50 daily 
per Cottages with complete 
hotel 
Whitehouse 


in walking distance of the 


service are also available at the 
a Colonial-style hotel with 
Buena Vista 


Norman A. Spector (left), process engineer, Vitro 
Corp., New York, is Technical Program Chairman 
of the Biloxi meeting; D. W. Oakley 
Metal 


is co-chairman of the 


right), 


assistant plant manager, and Thermit 


symposium on mineral engineering techniques 


Corp., Carteret, 
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CLEVELAND 
MEETING 


A group attending the “Human Relations” luncheon program. Clock- 
wise around table: E. W. Kane, Standard Oil Co. (Ind.); R. Lb. Hatch, 
General Electric Co.; R. E. Norris, Vulcan Engineering Div.; E. W. White, 
Cities Service Research and Development Co.; A. W. Hunt, Carter Oil Co.; 
and John W. Shier, Acheson Colloids Co. 


Except for the New York Annual Meeting of 1948, registration was 
the highest in history. 


Cuthbert Daniel (left) presided over a symposium on statistical 
methods. With him are W. J. Youden, National Bureau of Standards; 
Hugh Smallwood, U. S. Rubber Co.; and K. A. Brownlee, University 
of Chicago. 
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Top: left (standing) L. S. Coonley chaired a group of 
speakers who presented general technical papers. With 
him is Robert D. Ingebo. Seated: A. E. Karr, R. L. Jacks, 
and W. B. Argo. 


Bottom: Another group who presented general tech- 
nical papers. They are (standing): P. L. Young, and 
Cc. O. Miller. The latter was general chairman of the 
Cleveland Annual Meeting. Seated: H. E. Benson, H. A. 
Sommers, and H. J. Krase. 


Carl C. Monrad, Carnegie Institute of Technology; A. H. White (stand- 


ing), University of Michigan; and Francis C. Frary, past president of 
A.1.Ch.E. 


The meeting opened with a panel discussion on “Local Sections.” 
At the microphone is C. E. Ford, chairman of this group. Also shown 
are J. L. Olsen, Sun Oil Co.; and W. T. Nichols, who was elected 
President of A.I.Ch.E. for 1953. 
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TYGON 


ure alcohols usually are not corrosive. 
However, under certain conditions, in 
aqueous solutions, or in combination with 
other chemicals, they can and do give trou- 
ble. Alcoholic solutions of acids and bases, 
tinctures, and the use of denaturants offer 
a complicated picture of corrosive attack. 
Additionally, the organic nature of alcohols 
warrants special consideration in their use 
with the TYGON family of plastic com- 
pounds. 

The TYGON family is a series of vinyl 
based compounds — selected polyvinyl resins 
carefully modified with other materials to 
give the maximum in general chemical resist- 
ance and physical properties. There are a 
number of standard and special compounds 
available in the form of calendered or press- 
polished sheeting, molded goods, extrusions, 
paint and plastisols. Some are non-toxic, 
others are not. Some are glass-clear, some 
are glossy black, still others are available in 
practically any color. A wide range of phys- 
ical and mechanical properties are exhibited. 
Many different types of applications are 
possible. 

In any of its forms, TYGON displays ex- 
cellent resistance to both simple and poly- 
basic alcohols in any concentration. Service 
temperatures are limited only by the boiling 
points of the alcohols involved. Where alco- 
hols are used in combination with other 
chemicals, preliminary tests or the counsel 
of U. S. Stoneware engineers is advised. In 
these cases, the particular additives used 
govern the suitability of TYGON and its 
service limits. 

Because of the organic nature of the two 
materials, a certain amount of trace extrac- 


tion takes place whenever TYGON is used 
in full contact with alcohols. The total ex- 
traction is very low — almost negligible. It 
usually results in a slight hardening and 
stiffening, a 
color change. 


slight loss of weight and a slight 
Generally speaking, these 


changes are barely noticeable and do not 
affect the protectability of the TYGON. 
Another factor to remember in the use of 
TYGON with alcohols involves its use with 
tinctures. Occasionally, the color of the mate- 
rial in solution is imparted to the TYGON, 
Once again, however, the protectability and 
functioning of the TYGON is unaffected 
excepting where solution visibility is im- 
portant. 

TYGON as calendered or press-polished 
sheeting is used primarily to line and cover 
all types of process equipment. It also is die- 
cut into gaskets, seals, and separators for a 
wide variety of uses. 

In molded form, TYGON has even wider 
application —a range of uses limited only 
by the size and shape that can be imparted 
to a thermoplastic material by mold and 
press. 

In the form of extrusions, TYGON’s major 
use is as flexible tubing and piping. In both 
plant and laboratory, strong, light, glass- 
clear, and fully flexible TYGON Tubing 
has done much to simplify the problem of 
transmitting corrosive liquids, gases, or semi- 
solids. Extruded solid cord and channel also 
find use as gasketing, expansion jointing, 
and packing. 

As a paint, TYGON is used to protect equip- 
ment, structural steel, walls, and ceilings 
against corrosive fumes and spillage. As a 
plastisol, TYGON is used as a heavier duty 
coating and in the casting or “slush” molding 
of flexible parts and fittings. 

For most applications, TYGON in its various 
forms is a very practical material for use 
with alcohols and mixtures of alcohols with 
other chemicals. Occasionally, limits may be 
imposed by the added chemicals or by the 
need for absolute purity. However, these are 
isolated cases. TYGON can be safely re- 
garded as an economical and effective mate- 
rial of construction, medium of transmission 
and protective coating for use with alcohols. 


In addition to TYGON in its various forms, we also manufacture a number of other 
materials capable of handling alcohols and their mixtures with other chemicals in any 
concentration and under all types of operating conditions. These products include 

| item stoneware and porcelain, acid proof brick and cements, homogenous lead 
linings, and other organic linings and coatings. 

Why don't you submit your corrosion problem today? There's no obligation and we'll 
be pleased to be of assistance. So write, now! 
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THE UNITED STATES STONEWARE CO., Akron 9, Ohio 


ENGINEERS, MANUFACTURERS, ERECTORS OF CORROSION-RESISTANT EQUIPMENT SINCE 1865 
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J. M. Lenoir, Uni 
versity of Arkansas, 
presented a paper 
on thermal conduc 
tivities of gases at 
high pressure 


W. A. Junk, Stand 
ard Oil Co. (Ind.). 


Loren P. Scoville, 
Jefferson Chemical 
Co., Inc., new chair- 
man of the Program 
Committee 


W. |. Burt, Good- 
rich Chemical Co., 
and 1952 A.I.Ch.E. 
President, speaks at 
Annual Awards ban- 
quet. 


George F. Jenkins, 
Carbide and Carbon 
Chemicals Corp., and 
chairman of the Pub 
lic Relations Com 
mittee 


F. H. Kirkpatrick speaks at “Human Rela- 
tions’ luncheon. Seated: R. L. Demmerle, who 
presided; and T. H. Chilton, Du Pont Co., past 
president of AJICh.E 
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CLEVELAND 


ANNUAL MEETING NEARS RECORD HIGH 


leveland as a chemical center proved 

its vitality last month the 
American Institute of Engi- 
neers met Dec. 7-10, for its forty-fifth 
The centrality of the 
when attendance 
mounted to 1925, and at the end of the 
four-day Cleveland was 
record as having held the second largest 
annual meetirg m the history of the 
Institute. 

The tour days were replete with sym 
posia, panels, committee meetings, tech- 
nical and an annual business 
meeting where one of the important de- 


when 
Chemical 


annual 
location 


meeting. 
was shown 


sesston, on 


sess1ons 


velopments was the announcement by 
C. R. DeLong, of a wish to retire as 
the Institute’s treasurer. After reporting 
briefly on the Institute's financial status 
(at a higher level than ever before), 
Mr. DeLong announced that he had a 
far more important matter to present to 
the membership. 
that he for 
another year as treasurer of the Insti- 


He began by stating 
had no desire to continue 


tute, and reminded the members that this 
had been announced on the nominating 
ballots. In spite of that, he was nomi- 
nated and proved to be the only candi- 
date on the ballots. Mr. DeLong contin 
ued, “After 16 years one man has had 
enough of one job. | have told the new 
council for 1953, that if they will take 
the responsibility of finding a man who 
they feel is qualified for the office of 
treasurer, and they have undertaken to 
shall be glad to resign and 
take office. I will be glad to 
amount of time necessary to 
help him in the task of treasurer,” Mr. 
DeLong 


do so, I 
have him 
spend any 
continued, conclusion, | 
wish to say to the members that it is 
not only a distinct but 
great pleasure to have been your treas- 
urer for the past sixteen years.” 

The desire of Mr. DeLong to retire 
as treasurer was indicated to the mem- 


honor, also a 


bers when the nominating ballots were 
sent out in September. At that time, 
nominated for treasurer along with 
DeLong, were R. P. Soule, C. G. Kirk- 
bride who was also nominated for Vice- 
President, L. P. Scoville also nominated 
for Director. All three, however, de- 
clined to run for treasurer and Mr. 
DeLong agreed in order to fill the blank 
on the ballot. 

Other events of the business meeting 
were the introduction of new officers 
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(reported last month in Chemical Engi- 
neering Progress), and reports from 
various committees. These will all be 
condensed in the Secretary's page in 
future issues of “C.E.P.” 

One of the major events of the meet- 
ing was the Awards banquet Tuesday 
night. As also reported last month in 
Chemical Engineering Progress, awards 
were made to the following: Profes- 
sional Progress Award to Professor R. 
H. Wilhelm, department of 
engineering, Princeton University; Wil 
liam H. Walker Award to Prof. J. 
Henry Rushton, department of chemical 
engineering, Illinois Institute of Tech- 
nology; Junior Award to Thomas 
Baron, Shell Development Co., and Lloyd 
G. Alexander, Oak Ridge National la 
boratory; A. McLaren White Award to 
Harold F. Hublein now with Du Pont 
Co., Inc., Wilmington, Del. Second and 
third prizes in the student contest group 
went to Rodney A. Nelson and David G. 
Stephan. 

The Awards banquet featured an ad- 
dress by John B. Collyer, president B. F. 
Goodrich which he called 
private enterprise to enter the atomic 
energy field. 

“Nationalization of our power indus- 
try and other closely allied industries is 
inevitable unless the American people 
insist that non-military developments in 


chemical 


Co., im on 


the field of atomic energy be privately 
operated and privately financed,” he said. 

Collyer warned that “the utility of the 
atom must not be locked in the straight 
jacket of bureaucracy.” He pointed out 
that today’s decisions on whether atomic 
energy will remain a government mon- 
opoly are bound to have tremendous 
impact on the field of private invest- 
ment. 

“Our long-range national security re 
quires continued 
and development which can come only 
from dynamic and competitive privately- 
owned industry,” he said. Collyer 
pointed out that he has consistently ad- 
vocated the disposal to private industry 
of the government-owned man-made 
rubber plants. “By this step,” he said, 
“we can reverse the trend towards 
cialism in rubber.” 


progress in research 


“Today, seven years after the end of 
the war, our government still owns the 
principal rubber-producing facilities in 

(Continued on page 35) 
(More Pictures on page 36) 
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On-time - - - On-budget 


This $10,000,000 refinery modernization project for Standard Oil 
of Texas at El Paso was completed five days ahead of schedule— 
despite the steel strike. It was completed within the budget— despite 
cost increases in material and labor. 


» 


Catalytic’s undivided responsibility covered engineering, procurement 
and construction—and accomplished the field work in ten months 
from date of installation of construction facilities. 


CATALYTIC ON-TIME... ON-BUDGET SERVICES 


for the chemical, petrochemical and oil refining industries 
Project Analysis Engineering Economic Studies 


Procurement Process Design Construction Plant Operation 


Ay 


Included in this major expansion 
to the refining capacity of the 
4 Southwest were, a synthetic crude 


unit and Houdriflow catalytic 

f ee cracking unit, each rated at 11,500 

B.P.D. a 7555 B.P.D. vacuum 

‘ Aisa « flash unit; a gas recovery plant 
and an alkylation plant to produce 

y 1400 B.P.D. of aviation stock. 


CONSTRUCTION COMPANY 


. 1528 WALNUT STREET. PHILADELPHIA 2, PENNSYLVANIA 
. in Canada: Catalytic Construction of Canada, Limited: Sarnia, Ontario 
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Above: the first tank car being loaded for ship 


t from Carbide and Carbon Chemicals Company's 


coal-hydrogenation pilot plant. This product, a mixture of low-boiling pienols, will be used in the 
manufacture of plastics. It left the Institute, W. Va., plant on November 15. Coal-hydrogenation 
chemicals-separation units are in the right background, with the finished chemical storage tanks 


on the left. 


ATTAPULGUS TO 
MINERALS SEPARATION 


Sale of the fullers earth business of 
the former Attapulgus Clay Co. to Min- 
erals Separation North American Corp., 
the combined business operating under 
the new name of Attapulgus Minerals & 
Chemicals Corp. was recently an- 
nounced. 

Attapulgus Clay Co. was a factor in 
the mining and manufacture of various 
fullers earth products used as adsorbents 
and refining mediums, and diluents for 
insecticide dusts. Minerals Separation 
North American Corp. is engaged in the 
development of flotation processes for 
the beneficiation of industrial minerals. 

Officers of the new corporation in 
clude : 


David E. Lilienthal, chairman of the 
board, and former chairman of the 
Atomic Energy Commission. 

L. R. Streander, president. 

R. H. Hubbell, Jr., vice-president in 
charge of sales. 

Dr. FE. W. Greene, vice-president in 
charge of Minerals Separation divi- 
sion. 

W. E. Sawyer, Jr., secretary and treas- 
urer, 


In addition to officers of the company, 
two new directors were added to the 
board of the newly named and expanded 
company, Frank A. Howard, formerly 
vice-president of Standard Oil Company 
(New Jersey) ; and Ernest K. Gladding, 
until recently development chief for 
Du Pont Co. 
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COLOR AND SOUND FILM 
ON STEAM TRAPPING 


“Please Pass the Condensate” is a 
new 20-min. color and sound motion 
picture prepared by the Yarnall-Waring 
Co., Philadelphia 18, Pa., on up-to-date 
steam trapping for more production. 

It portrays the operation, selection, 
application and maintenance of steam 
traps—all with the ultimate aim of get- 
ting more production from stcam-heated 
equipment through reduced heat-up time 
and hotter operating temperature, as 
well as shortened downtime for repairs 
and cleaning. 

Information on obtaining prints for 
showing to engineering and plant groups 
may be secured by writing the Yarnall- 
Waring Co. 


PETROCHEMICALS FOR 
GULF AND GOODRICH 


The establishment of Goodrich-Gulf 
Chemicals, Inc., a Delaware Corpora- 
tion, was announced recently by Gulf 
Oil Corp. and B. F. Goodrich Co, Or- 
ganized to explore projects in the petro- 
chemical field in which the parent or- 
ganizations have complementary inter- 
ests, the new company will have its head 
office in Pittsburgh, Pa., and its plant in 
Orange, Tex. Stock will be owned 
equally by Gulf and Goodrich. 

Among the directors of the new com- 
pany are L. O. Crockett of Gulf Oil and 
Frank K. Schoenfeld of B. F. Goodrich. 
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ENGINEERING LITERA- 
TURE SURVEYED 


The present state of engineering liter- 
ature is the theme of the recently pub 
lished proceedings of the Engineering 
School Libraries Committee of the 
American Society for Engineering Edu- 
cation. The decision to publish the pa- 
pers was made because of the interest in 
them shown at the annual meeting of the 
society held at Dartmouth College, Han- 
over, N. H., June, 1952. Consisting of 
a panel discussion and commentaries, the 
papers consider quality, dissemination of 
modern engineering literature, etc. 

Contributors are James K. Finch, 
dean emeritus, School of Engineering, 
Columbia University; Samuel A. Miles, 
technical literature division, Hagstrom 
Co.; Edward P. Hamilton, president, 
John Wiley & Sons; Vernon D. Tate, 
director of libraries, Massachusetts In- 
stitute of Technology; Curtis G. Benja- 
min, McGraw-Hill Book Co.; Fred P. 
Peters, manager, book division, Reinhold 
Publishing Corp.; Rogers B. Finch, pro- 
fessor of textile technology, Massachu- 
setts Institute of Technology; and F. J. 
Van Antwerpen, editor, “C.E.P.” 

Appended to the discussions are a 
tabulated survey of existing types of 
library training in engineering colleges 
and a summary of findings on the use 
of engineering libraries. 

Copies may be obtained from George 
S. Bonn, chairman, Engineering School 
Libraries Committee, A.S.E.E., the Rice 
Institute, Houston, Tex. 


REGIONAL STUDENT 
CONTEST AWARDS 


Winners of a student-paper contest 
sponsored by several student chapters in 
western states were awarded cash prizes 
and a year’s subscription to “C.E.P.” at 
the regional meeting of the area held 
at the University of Arkansas, Fayette- 
ville, on Dec. 13, 1952. Gerald D. Ort- 
loff of Oklahoma A. & M. College, 
Stillwater, and Melvin C. Reed of the 
University of Tulsa, Tulsa, Okla., re- 
ceived first and second prizes respec- 
tively, and honorable mention went to 
Wayne House, Univ. of Missouri. 

Judges of the contest were Dr. Wil- 
liam K. Noyce, University of Arkansas, 
chairman; Dr. Louis H. Bartlett, Okla- 
homa A. & M. College; and Dr. J. O. 
Maloney, Kansas State University. Dr. 
M. E. Barker, counsellor of the Arkan- 
sas chapter, made the presentations. 

Among the schools participating in 
the contest were the Universities of 
Arkansas, Kansas, Missouri, Nebraska, 
Oklahoma, and Tulsa; Kansas State Col- 
lege; the Missouri School of Mines; and 
Oklahoma A. & M. College. 


(More News on page 43) 
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Now you can gain the advantage of solid chem- 
ical porcelain purity and chemical resistance in a 
system which offers extra protection to personnel, 
equipment and product. Lapp TUFCLAD armor 
—multiple layers of Fiberglass fabric impreg- 
nated and bonded to the porcelain body wiih an 
Epoxide resin of high strength and chemical 
resistance—cushions accidental blows, insulates 
against thermal shock. Besides, it is itself tough 
and strong—will hold operating pressures against 
gross leakage, even if porcelain is cracked or 
broken. WRITE for description and specifica- 
tions on Lapp TUFCLAD porcelain valves, plug 
cocks, safety valves, flush valves, pipe, fittings 
and special shapes. 

Lapp Insulator Co., Inc., Process Equipment 
Division, 519 Maple St., Le Roy, N. Y. 
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SOLID Chemical Porcelain ARMORED with Fiberglass- 
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THERE’S NOTHING 


PROCESS EQUIPMENT 
CHEMICAL PORCELAIN: VALVES . RASC 
PULSAFEEDER CHEMICAL UMPS 


Page 23 


Accidental Thermal Shock? @ 
/ 
| 
| | 
] 


Widest choice... for engineered instrumentation 


 —_ of the thousands of industrial proc- 
esses presents its own peculiar problems of 
measurement and control. Naturally, no 
single instrument can solve all of these varied 
problems. Serious compromises would have 
to be made in performance, convenience, and 
cost. 


The many Honeywell primary elements, in- 
struments, control systems, and final control 
elements constitute a uniquely complete fam- 
ily, covering practically the whole spectrum 
of industrial measurement and control. You 
can be sure that the combination selected 
for your job is recommended without bias, 
and with full consideration for every need of 
the application. 


Included are ElectroniK instruments for in- 
dicating, recording and controlling a host of 
variables, in circular and strip chart models; 
Tel-O-Set miniature indicators, recorders and 
controllers; Pyr-O-Vane millivoltmeter con- 
trollers; square root and linear flow meters; 
thermometers; pressure gauges. Electric and 
pneumatic control systems range from the 
simplest to the most complex, including fully 
automatic program control. Primary elements 
include thermocouples, thermometer bulbs, 
Radiamatic elements, pH assemblies, conduc- 
tivity cells, flow meter bodies and many 
others. For final control elements, there is a 


COMPLETE COVERAGE of industrial requirements for instrumentation is at your command in the Honeywell 
line. Whatever you need to measure or control . . . to any accuracy . 
.. you'll find Honeywell instruments offer the most efficient solution. 


full range of motorized and diaphragm oper- 
ated valves. Supplementing these are more 
than 7000 different non-indicating devices 
for controlling temperature, pressure, vacu- 
um and other conditions. 


“Building block” approach 


These are the building blocks of measure- 
ment and control. To combine them into 
systems custom-fitted to your process, 
Honeywell offers the know-how gained 
through years of experience in all branches of 
industry. Whether your process calls for a 
single instrument or a complete central con- 
trol panel, you can be sure of getting the peak 
in performance and value . . . and the advan- 
tages of a single responsibility for the entire 
installation . . . when you specify engineered 
instrumentation by Honeywell. 


Engineered 
to Lever 


. . with any of a variety of special features 


i NEW Los Angeles plant of Lever 
Brothers Company utilizes the most modern 
methods for processing raw oils and fats 

‘ into soaps, detergents and_ shortening. 
Prominent among these advanced tech- 
niques is Brown engineered instrumentation 
for every critical process. 


In the manufacture of Spry vegetable 
shortening, for example, Brown instruments 
help to control refining, bleaching, hydro- 
genation and deodorizing at top output and 
efficiency. Companion instruments also 
regulate the saponification, spray drying, 
extrusion and other processes vital to the 
manufacture of toilet soaps, soap powders 
and detergents. Throughout the plant, 
Honeywell controls keep critical variables 
in line with the precision essential to effi- 
cient, high-volume production. 


Whatever your process may be, you can be 
sure of getting from Brown the right instru- 
mentation . . . properly applied. First, be- 
cause the Brown line covers every major 
control requirement of the chemical in- 
dustry. And second, because these instru- 
ments are custom fitted to your application 
by engineers who have thorough experience 
in process control. 


control vital 
Brothers plant 


Our local engineering representative is well 
qualified to recommend instrumentation for 
your processes .. . and he is as near as your 
phone. 


MINNEAPOLIS-HONEYWELL REGULATOR 
. Co., Industrial Division, 4427 Wayne Ave., 
Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for Composite Catalog No. 
5000 for a condensed description of the complete Brown line. 


Meter .. 
one of many in this plant. At top are Honeywell diaphragm control valve 
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MARGINAL 


What's In a Handbook? 


Handbook of Engineering Fundamentals, 
2nd Edition. O. W. Eshbach. John 
Wiley & Sons, Inc., New York. (1952) 
1314 pp., $10.00. 


Reviewed by C. K. Stoddard, Titan 
tum Metals Corporation of America, 
Henderson, Nev. 


HIS handbook is described by its 
author as an attempt “to bring to- 
gether the most important basic facts 
and principles upon which our techno- 
logical and engineering advancement 
depends.” How well this has been done 
is difficult to evaluate since there ap- 
pears to be considerable difference of 
opinion as to what should be in a hand- 
book. This was brought out by putting 
this question to a number of engineering 
associates. Answers ranged from a 
mere compilation of tables and numer- 
ical data to a rather comprehensive 
combination of principles, methods and 
data that represent the highest authority 
of knowledge in a particular field. One 
engineer felt that a handbook would be 
the starting place in seeking information 
about a given engineering subject, while 
another felt that a compleie answer 
should be found. To a large extent, this 
handbook appears to provide the starting 
place for information concerning many 
,of its topics. The mathematical tables 
and data are the more or less standard 
material of all handbooks. 


The information is presented under 
the following headings: mathematical 
and physical tables, mathematics, physi- 
cal units and standards, mechanics of 
rigid bodies, mechanics of deformable 
bodies, aerodynamics, engineering ther- 
modynamics, electricity and magnetism, 
radiation light and acoustics, chemistry, 
metallic materials, non-metallic mater- 
ials, and engineering law. These topics 
are variously developed by many con- 
tributors, all being experts or special- 
ists in their particular fields. The chem- 
ical engineer would probably regard the 
book as a source of information in fields 
other than chemical engineering. It 
appears to this reviewer that the textual 
material, in some cases, could have been 
better presented to the engineer seeking 
a start in fields other than his own by 
a more interpretive presentation, thus 
giving him a knowledge of what the 
field embraces, the techniques and ap- 
proaches used for the solution of its 
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NOTES 


problems, and how the information is 
useful, At random, this could have been 


done for hydraulic models, and the test- 


ing of materials by giving ranges of 


numerical data for various materials. In 
many places excellent interpretive ap- 
proaches are given such as for the de- 
sign of supersonic wind tunnels and 
much of the aerodynamic material. 
Those chapters that concern particular 
fields of engineering, such 
ramics, 


as aerody- 
radiation light and acoustics, 
etc., have excellent lists of references 
to enable the reader to seek additional 
information elsewhere. The mathemat- 
ical tables are well presented and espe- 
cially the tables of conversion factors 
which are set up so as to make the im- 
proper use of an unfamiliar conversion 
factor quite improbable. The values and 
bases of many obscure measures and 
standards are given. There is consider- 
able general information in this hand- 
book which should make it a useful ref- 
erence on the engineer’s bookshelf. 


Books Received 


Biochemical Preparations. Vol. 2. Eric 
G. Ball, Editor in Chief. John Wiley 
& Sons, Inc., New York, (1952). 109 
pp. $3.00. 


Maleic Anhydride Derivatives — Re- 
actions of the Double Bond. L. H. 
Flett and W. H. Gardner. John Wiley 
& Sons, Inc., New York (1952). 269 
pp. $6.50. 


Imperfections in Nearly Perfect Crys- 
tals. Eds. W. Shockley, J. H. Hollo- 
mon, R. Maurer, and F. Seitz. John 
Wiley & Sons, Inc., New York (1952). 
475 pp., $7.50. 


An Introduction to the Chemistry of 
the Hydrides. Dallas T. Hurd. John 
Wiley & Sons, Inc., New York (1952). 
220 pp., $5.50. 


Selected Values of Chemical Thermo- 
dynamic Properties. Frederick D. 
Rossini, Donald D. Wagman, William 
H. Evans, Samuel Levine, and Irving 
Jaffe. National Bureau of Standards, 
=_—- D. C. (1952). 1268 pp., 
7.25. 


Technical Cooperation with Underde- 
veloped Countries. Philip C. Newman, 
John E. Ullmann, Robert S. Aries. 
Chemonomics, Inc., New York (1952). 
96 pp., $5.00. 


Investment Castings for Engineers. 
Rawson L. Wood and Davidlee Von 
Ludwig. Reinhold Publishing Corp., 
New York (1952). 477 pp. $10.00. 
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News of Books of Interest to Chemical Engineers 


Current Thoughts on 
Radiation Effects 


Symposium on Radiobiology, The Basic 
Aspects of Radiation Effects on Liv- 
ing Systems. Editor J. J. Nickson, 
M.D. John Wiley & Sons, Inc., New 
York. (1952) xii + 465 pp., $7.50. 


Reviewed by J. Kohl, Chief Engr., 
Western Division, Tracerlab, Inc., Ber- 
keley, Calif. 


HIS report on papers and discus- 

sions presented at the Oberlin Sym- 
posium on Radiobiology in June, 1950, 
should be of considerable value to scien- 
tists concerned with the biological 
aspects of radiation effects. It presents 
the current thinking of leaders in radio- 
biology and summarizes progress and 
changes in philosophy that have taken 
place since the publication of D. E. 
Lea's book, “Actions of Radiation on 
Living Cells,,”” (1947). Since this book 
assumes a basic knowledge of radiation 
phenomena and language and also re- 
quires a working knowledge of medical 
and bacteriological terms, it is further 
limited to this specialized group. 

Little actual data on chemical reac- 
tions produced or accelerated by radia- 
tion, and no discussion on Health Phy- 
sics problems of interest to engineers 
are contained in the symposium, Of the 
twenty-three essays which comprise the 
book, two are of possible interest to 
chemical engineers: General Statements 
About Chemical Reactions Induced by 
Ionizing Radiation by Robert Living- 
ston and Chemical Reactions in the Gas 
Phase Connected with Ionization by 
Merrill Wallenstein, Austin L. Wahr- 
haftig, Henry Rosenstock, and Henry 
Eyring. 

As a reference text the symposium’s 
value is impaired by the absence of an 
index and by the lack of cross-references 
between material presented in the dis- 
cussions and in the chapters. When a 
book is written by twenty-six authors 
rather than one a certain lack of consis- 
tency is to be expected. In this book 
one chapter offers one reference, while 
another lists 141; some authors tabulate 
their references alphabetically, others in 
the order in which they occur. 

In spite of its shortcomings, this book 
presents fundamental concepts concern- 
ing the relationship between biology and 
nuclear physics in the interesting lan- 
guage of discovery and early telling. 
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HEAT EXCHANGERS 


CAPACITY. There is virtually no limit to the amount 


of heat-transfer surface obtainable in ‘‘Karbate’”’ imper- 

vious graphite shell-and-tube-type heat exchangers. Large 

capacity requirements are readily met, either by a com- 
bination of standard Series 310A and 90A “‘Karbate” heat 

DOLLARS and SENSE 

<<iptittees'Wieateh te 1008 exchangers or with special units manufactured by the 


Industrial Flashlight Batteries . . . country’s leading producers of heat exchange equipment. 
the cells that deliver twice as much 
usable light as any battery we've 
ever made before. 
Their unique con- 
struction prevents 
swelling or jam- 
ming in the case... 
has no metal can to 
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APPLICATION. There's ample evidence that Karbate” 


heat exchangers already occupy an important place in 


leak or corrode. 
practically every type of severely corrosive service. For 
example, among suppliers of heat-transfer equipment for 
the process industries, there are 57 manufacturers and 
service organizations who now depend on “Karbate” 
NATIONAL CARBON COMPANY ; ious graphite equi > “ir cus ars’ 
srvious graphite equipment to solve their customers 

impervious g P quip e 

30 East 68nd Strect, How York 37, V. toughest corrosion problems! 


District Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 
IN CANADA: National Carbon Limited, Montreal, Toronto, Winnipeg 


Write for Catalog Section $-6740— 
New Standard “Karbate” Heat Exchangers 


OTHER NATIONAL CARBON PRODUCTS “se 


HEAT EXCHANGERS + PUMPS * VALVES + PIPING + TOWERS + TOWER PACKING + SULPHURIC ACID CUTTERS 
HYDROCHLORIC ACID ABSORBERS + STRUCTURAL CARBON + BUBBLE CAPS - BRICK + GRAPHITE ANODES + BRUSHES 
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Acid corrosion of transfer lines no problem 


Transparent and easy to 
clean. Transparency is one 
of the plus features. It per- 
mits plant men to keep an 
eye on the lines—note color 
deformity, impurities, clog- 
ging and other defects at a 
glance. Trouble can't hide 
behind glass. 

Still another, is easy clean- 
ing. The hard, smooth surface 
of PYREX pipe minimizes 
solids adherence, eliminates 
grooves and depressions 
where material might gather. 


Resists thermal shock and 
weathering. Low expansion 
coefficient of PYREX brand 
glass No. 7740 gives PYREX 
pipe exceptional thermal re- 
sistance. Rapid shocks of 
150° F. and more leave the 
lines unharmed. Hot acids can 
be runincold weather. Chem- 
ical stability assures resist- 
ance to sunlight and moisture. 


CORNING GLASS WORKS 
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at BAKELITE’S’ Marietta plant 


GLASS PIPE the picture 


In selecting a piping material for transferring acids at 
its Marietta, Ohio plant, Bakelite Company took several 
points into consideration. First cost was important. So 
was service life. This meant a piping material which 
would provide utmost resistance to acids day-after-day, 
year-after-year. Resistance to thermal shock and weath- 
ering was also important because the pipe was to be used 
outside in a climate known for its temperature extremes. 

You can see how Bakelite solved its problems... with 
PYREX brand “Double-Tough” glass pipe. Not only 
was PYREX pipe low in first cost, extremely high in 
chemical and thermal resistance, but it offered several 
important extras, including transparency, easy Cleaning, 


Whether you are handling hot or cold concentrated 
acids (except hydrofluoric), mild alkalies or pharma- 
ceuticals, you'll find PYREX pipe the safest and most 
economical material that you can use. 


Readily available in many sizes 

It is readily available in the following sizes—1”", 142”, 
2”, 3”, 4” and 6” inside diameters. A complete line of 
fittings including ells, tees, crosses, reducers, adapters, 
laterals, return bends and caps may be had. Glass plug 
valves are available in 1” and 1%” sizes. There are a 
wide variety of gaskets now in stock to resist virtually 
every chemical known. Light weight permits easy, eco- 


nomical installation with long lines. Your own plant 


help can do this job. 


light weight and simple installation, together with ex- 
ceptional mechanical strength. 
*A Division of Union Carbide and Carbon Corporation 


These PYREX brand glass pipe distributors stock the complete line: 


HOUSTON 7, TEXAS ST. LOUIS 2, MISSOURI 
W. H. Curtin & Company Stemmerich Supply Inc. 


PITTSBURGH 19, PA. LODI, NEW JERSEY 


Fisher Scientific Company Mooney Brothers Corporation 


MONTREAL 3, QUEBEC, CAN. 
Fisher Scientific Company, itd 


SEATTLE 4, WASHINGTON 
Scientific Supplies 


NEW ORLEANS, LOUISIANA 
Curtin & Company 


TORONTO, ONTARIO, CAN. 
Fisher Scientific Co., Utd, 


CHICAGO 44, ILLINOIS 
Fred S. Hickey, Inc. 


FRESNO 17, CALIFORNIA 
Valley Fdy. & Mach. Works 


HATBORO, PENNSYLVANIA 
Sentinel Gioss Company 


ROCHESTER 3, NEW YORK 
Will Corporation 


ALBANY 5, NEW YORK 
A. J. Eckert Company 


ATLANTA, GEORGIA 
Southern Scientific Company 


BELMONT, CALIFORNIA 
Glass Engineering Laboratories 


CAMBRIDGE 39, MASS. 
Macalaster Bicknell Company 


VANCOUVER, B. C. 
Scientific Supplies 


BUFFALO 13, NEW YORK 
Buffalo Apparatus Corp 


NEW HAVEN, CONNECTICUT 
Macalaster Bickne!! Company 


PYREX brand "‘DOUBLE-TOUGH" Glass Pipe for drainage lines. 
A relatively new and rapidly spreading application for PYREX 
brand “DOUBLE-TOUGH” glass pipe is in draining corrosive 
wastes. Many plants have realized substantial savings because 
PYREX pipe virtually eliminates replacement problems. Then 
too, installation costs are lower because PYREX pipe does not 
require burial in concrete, and safety is greatly improved. Com- 
plete fittings (including sink traps) are available. 


CORNING GLASS WORKS 


Dept. EP-1, Corning, N. Y. 


Please send me the printed information checked 
below: 


(CD “PYREX brand Gloss Pipe in the Process In- 
dustries” (EA-1) 


(J “PYREX brand “Double-Tough” Glass Pipe and 
Fittings” (EA-3) 

“Plant Equipment Glassware for Process in- 
dustries” (EB-1) 


“Installation Manual” for PYREX brand “Double- 
Tough” Glass Pipe (PE-3) 


“PYREX Cascade Coolers” (PE-8) 


Mechanically strong. There's 
no need to worry about me- 
chanical damage to PYREX 
pipe. First, it has proven over 
25 yeors that it con toke a 
beating. Second, ends and fit- 
tings (except U-bends) are tem- 
pered to double their strength. 
Third, plont men realize thot 
it is glass and treat it with 
respect. 


Corning, N.Y. means research in Glas 
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Currently engaged in this highly specialized 
work, Fluor can help determine your 


Let Fluor assist yOu... 


, ineer and con- 
The proven abilities to design. 
e hele the 
lete plants and fac ilities for estab- 
struct Comp chemical industries have es 
ne of the nation’s 


potentials in thi; rapidly expanding industry. 


natural gas and petre cae 
lished The Fluor Corporati 

j ] constructic 

j ngineering anc 

-all to Fluor will place men wil 
troleum and chemica 
nomy at your disposal. 
d facilities to work for 


Petrochemicals, the largest new factor in 
our ever-expanding world of chemicals, now ac- 
count for nearly one-quarter of all U. S. chemical 


production. Despite this, it is estimated that o 


i perience in pe 
diversified experience P 
one-h 


gineering technology and eco 

n 
Let Fluor put these talents ~~ ee 
me You will be sure with Fluor: 


nly 
alf of one percent of all present oil and gas 


production is being utilized as petrochemical feed 
stock. This opens up new opportunities for the oil 
and gas producer and investor. 

If you own, operate, or have interests in 
an oil refinery or a gasoline plant, you should be 
aware of your potential as a supplier of petro- 


chemical raw materials. This is particularly so when FE E. ee 
it is considered that the increase in value of an end 
petrochemical product may easily be four or five 


Lngineers - Constructors ~ Manufacturers 
times greater than that of normal products realized ~ - 
from other hydrocarbon processing operations! 


THE FLUOR CORPORATION, LID. - LOS ANGELES + HOUSTON 


New York, Chicago, P ttsburgh, Boston, Tulsa, San Francisco, Birmingham.ang Calgary 


Represented in the Steriing areas by 
| Head Wrightson Processes Ltd, Teesdale House, Baltic Street, London, £.C.1, Engiang 
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EQUIPMENT 


1 DEWATERING SCREEN. Hen- 
drick Mfg. Co. wedge-slot screen, 
made with small stainless steel bars, 
V-shape profile, effective for dewater- 
ing, drying, heavy media recovery, 
etc. 


2 @ GRINDING MEDIA. High den- 
sity superporcelain balls and brick 
for grinding. McDanel Refractory 
Porcelain Co. 


3 @ CONVECTION APPARATUS. 
Beckman Instruments, Inc. new elec- 
trophoresis-convection apparatus. 
Separates proteins by isoelectric, 
modified isoelectric or differential 
transport method. Four principal 
units. 


4 @ PROPORTIONED PUMPS. Dis- 
placement of all liquids at every 
stroke, stroke adjustable while pump 
operates are new features of chem- 
ical proportioning pump by Ameri- 
can Instrument Co., Inc. Stationary 
indicating scale, stainless-steel piston 
and cylinder assemblies, pressures 
7500 to 30,000 Ib./sq. in. Simplex 
and duplex styles. 


5 @ CHART-PAK, Chart-Pak kit for 
making organization and graphic 
charts. Contains plastic board, 
twenty-eight patterns on _pressure- 
semeitive tapes, accessories for appli- 
cation and instructions for use. 
Chart-Pak, Inc. 


6 @ SAFETY THERMOSTAT. Low- 
temperature safety cut-off for use in 
ammonia-cooled heat-exchanger. 
Prevents freezing and possible spoil- 
age if temperature control its 
temperature to fall too low. Inverse 
Thermoswitch by Fenwal, Inc. 


7 @ CUT-OFF VALVE. Automatic gas 
cut-off valve from B. F. Goodrich 
Chemical Co. For use with natural 
and manufactured gas, to be placed 
on supply line in front of meter. -In 


Mail card for more datap 


lastic fusible link 
distorts at 165°F. closing valve. 


case of fire a 


8 e GRAVITY SEPARATOR. Specific 
gravity separator for laboratories, 
the yo ag V-80, by Sutton, Steele 
and Steele, Inc. Portable, weighs 
less than 100 Ib. 


9 @ INDUSTRIAL PUMP. Designed with 
a scoop rotor and roller-type vanes 
new industrial pump for use where 
lime, talc, and other abrasive solu- 
tions are used. Sealed lubricated ball 
bearings insure resistance to continu- 
ous heavy radial loads. Cast iron 
with nylon or rubber rollers, self- 
lubricated, etc. Hypro Enginecring 
Inc. 


10 @ WATER ANALYZER LAMP, For 
use with the Taylor water analyzer, 
lamp giving uniform daylight condi- 
tions. Measures 15% in.x 94 in. x 
57% in. Useful either long or short 
water analyzer tube. W. A. Taylor. 


11 @ PLASTIC SAFETY GOGGLE. Saf- 
I-Flex safety goggle, frame of clear, 
pliable vinyl, rolled edges, grid ven- 
tilatien making goggle fog-free. Lens 
easily changed, optically correct. 
United States Safety Service Co. 


12 @ MULTI-TUBE HEAT EXCHANGER. 
Multitube sanitary heat exchanger 
from Niagara Filter Corp. Available 


in several variations and metals for 
use with water, brine, steam, etc. 


14 @ FLOWED-IN GASKET. Dewey and 
Almy Chemical Co, new “flowed-in” 
gasket applied as liquid synthetic 
rubber or resin compound, Forced 
through nozzle to a spinning com- 
ponent part, it is baked to form solid 
rubbery gasket which will not fall off. 


15 @ PNEUMATIC CONTROLLER. Cata- 
log from Fischer & Porter Co. cover- 
ing (Pneumatrol) pneumatic con- 
troller for flow rate, differential pres- 
sure, liquid level, and temperature 
applications. 


16 @ PYRENE FOAM, For oil refineries 
and the industrial chemicals field, 
pyrene foam as a protection against 
fire hazards from alcohol and oil. 
An all-purpose foam, effective life 
greater than other stable foams. U.L. 
approved. Pyrene Mfg. Co. 


17 e VENTURI NOZZLE. Saran-lined 
venturi flow nozzle from Builders- 
Providence, Inc. Used for meterin 
and control of corrosive fluids. Sul- 
furic acid, nitric acid, ethyl alcohol, 
and other solvents. 


18 @ PACKAGED-FEED SYSTEM. Pack- 
aged-feed system from Milton Roy 
Co. Reduces field piping and offers 
saving in installation time and space. 
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Consists of 50-500 gal. carbon steel 
solution tank mounted on controlled 
volume pump. Simplex and Duplex 
models, ten types of metal. Capaci- 
ties to 800 gal./hr., pressures to 
5000 !b./sq.in. 


19 @ MIXER. For industries mixing 
a number of products in cans or 
drums, such as blending, thinnin 
and tinting of paints, varnish a 
other chemicals, a new type change- 
can mixer from Industrial Process 
Engineers. 


20 SPARGER NOZZLES. noz- 
zles made from Haveg by Schutte 
and Koerting Co. For use in tank 
heating of liquids. Molded from 
Haveg 60 they are resistant to acids, 
salts, and solvents. Also made from 
Haveg 41. 


21 @ TEMPERATURE TRANSMITTER. The 
Swartwout Co. temperature trans- 
mitter for specific use with the all- 
electronic Swartwout Autronic con- 
trol. Flexible and adaptable to spe- 
cial operations. 


22 @ MIDGET THERMOSTAT. A rede- 
signed midget Thermoswitch re- 
leased by Fenwal Inc. O.D. only 
Y% in. For applications requiring 
precision temperature control or 
overheat detection in solids, gases, 


- 


Postage 


Lae 


liquids with limited space. Range 
50° to 450° F., sensitivity 0.1° F. 


23 @ Oil RECLAIMER. Hilliard Corp. 
introduces new line of oil reclaimers 
directly connected to turbine reser- 
voir, or oil tanks for continuous op- 
eration, or oil tanks for batch opera- 
tion. 


24 @ TELSTOR LEVEL INDICATOR. For 
measuring most liquids, viscous liq- 
uid or granular solids, in tanks, bins, 
hoppers, etc. Fielden Instrument di- 
vision, Robertshaw-Fulton Controls 
Co. has a new electronic instrument, 
Telstor, for continuous level meas- 
urement. 


25 @ CENTRI-CLEANERS. The Bauer 
Bros. Co. centri-cleaners for remov- 
ing dirt from fibrous pulps of low 
consistency. Savings in pulp prepa- 
ration through use of dirty, rough or 
unbarked woods. Operation, theory 
and practice, applications, etc., cov- 
ered. 


26 @ INSPECTION EQUIPMENT. For 
ultraviolet production and process- 
ing techniques, packaging operations, 
etc. Blak-Ray inspection equipment 
from Ultra-Violet Products, Inc. De- 
tects decay and fungus in agricul- 
tural products, flaws in castings, flaws 
and dye variations in textiles, mark- 
ings on fabrics or other materials. 
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27 @ DISTILLATION TRAYS. Turbogrid 
distillation trays new with Shell De- 
velopment Co. and used as contact- 
ing trays for distillation columns. 

vantages, design, diagrams, and 
all deta‘ls given in leaflet. 


28 e CONDENSERS, HEATERS AND 
COOLERS. Bulletin from Manning & 
Lewis Engineering Co. 
heaters, condensers and _ coolers. 
Table of sizes, weights, dimensions, 
diagrams, etc., given. 


29 @ TEST GAGE. For periodic check 
of pressure instruments, test Bree 
aids in saving process fluid and re- 
duction of operating costs. Guaran- 
teed accurate within ¥ of 1% and 
furnished in ranges of 0-30 Hg vac. 
up to 0-10,000 Ib./sq.in.g. From Fox- 
boro Co. 


30 e MOTOR CONTROL. A pneumatic 
remote control for Varidrive motors 
announced by U. S. Electrical Mo- 
tors, Inc. Valves available are pedal, 
lever, cam or wheel, operates on air 
pressure of either 60 or 100 Ib./sq. 


in.; rapid change of speeds possible. 


31 @ HEAT-EXCHANGER TUBES. Alum- 
inum heat-exchanger tubes from Al- 
uminum Co. of America. Compre- 
hensive brochure includes tables, il- 
lustrations of products, diagrams, ad- 
vantages, applications, etc. Two sizes 
1 in. O.D. with .049 in., and .065 in. 
wall thickness. 


32 @ SHUT-OFF VALVE. Shut-off of an- 
hydrous ammonia or liquefied pe- 
troleum is instantaneous by new sen- 
try-balanced diaphragm excess-flow 
shut-off valve from McRae Valve 
Corp. 


33 e TORQUE BALANCES. Ohaus Scale 
pes precision torque balances 
made in Holland. Feature is a pat- 
ented torsion system eliminating me- 
chanical axle friction. Capacities 1 


mg. to 20 mg., sensitivities .002 mg. 
to .02 mg. 


USE, THESE CARDS 
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34 @ PLASTIC DUCTS. Line of solid 
oe corrosion-proof fume ducts, 

oods and accessory equipment an- 
nounced by Heil Process Equipment 
Corp. Construction offered in poly- 
ester glass combinations. Tempera- 
tures in excess of 200° F. Variety of 


shapes. 


35 @ PUMPS AND POWER UNITS. 
Newly designed to develop high-fluid 
pressure from low-air pressure, new 
series of heavy duty, air-hydraulic 
7 and power units. Descriptive 
iterature and prices available from 
Ledeen Mfg. Co. 


36 @ SIGHT GLASSES. Flow, color, 
turbidity, etc., observed with new 
sight glass from Grand Machine & 
Tool Co. a or screwed types, 
constructed of heavy-gage rolled 
stainless. For five-, ten- and forty- 
piping systems. 


CHEMICALS 


40 e TANK LINERS. Unplasticized 

lyvinyl chloride tank liners offered 
by American Agile Corp. Fully 
welded, furnished with drain and 
overflows, include Agilene or — 
ipe flanges, fittings, etc. All sizes 
well thickness to | in. 


41 @ CORROSION-RESISTANT TAPES. 
Minnesota Mining & Mfg. Co. two 
corrosion-resistant tapes for pipe- 
wrapping. Polyvinyl-chloride types, 
eliminate need for tar pots and other 
equipment. Give pinhole-free cold 
coating, easily Reference 
table listing n for specific pipe 
available. 


42 @ MODIFIED POLYSTYRENE. Im- 
proved shock and heat resistance in 
a new modified polystyrene from 
chemical division of Koppers Co., 
Inc. For toys, refrigerator parts, bat- 
tery cases, etc. 


— 


43 e CHEMICALS. A 112-page edi- 
tion covering entire chemical line of 
Stauffer Chemical Co. Loose-leaf, 
data on all products, tables on grav- 
ity, Viscosity, etc. 


44 @ FURNACE BLACK. Godfrey L. 
Cabot, Inc., announcement of Vul- 
can 9 oil furnace black. High-tensile 
strength. 


45 @ SYNTHETIC COATING. Corro- 
sion-resistant for wood, masonry, and 
metal surfaces, new synthetic coating 
from Monroe Co., Inc. 


46 @ AMBERLITE ION RESINS. From 
Fisher Scientific Co., six Amberlite 
ion resins in laboratory grade. Use 
in laboratory exchange columns, syn- 
thesis, etc. 


47 @ STYRENATED LINSEED Oil. Lin- 
styrol, new drying oil based on lin- 
seed oil and styrene from Spencer 
Kellogg & Sons, Inc. Completely mis- 
cible with solvents and refined drying 
oils. Dries in 15-20 hr., hard and 
clear film. 


48 e CYCLODEX. Accelerated curing 
of latex emulsions by use of Cyclo- 
dex, a new catalyst of Nuodex Prod- 
ucts Co., Inc. Improves adhesion, in- 


creases film toughness, reduces in- 
jury from rubbing, scuffing, etc. 


49 @ CONCRETE COLORS. Reardon 
Industries, Inc. development for col- 
oring concrete. To encase lines carry- 
ing electric current, brines, acids, 
and other liquids. 


50 @ ORGANIC CHEMICALS. Ten new 
chemicals announced by Distillation 
Products Industries, division of East- 
man Kodak Co. Include 2-(o-Hy- 
droxyphenyl) benzoxazole reagent 
for gravimetric determination of cad- 
mium; benzenephosphonic acid; ben- 
zenephosphonous acid; tert.-Butyl- 
amine BP 44-45°, and others. 


51 @ ALIPHATIC NITROGEN COM- 
POUNDS. Carbide and Carbon Chem- 
icals Co., new illustrated 
book details thirty-five aliphatic ni- 
trogen compounds. Used for emul- 
sifying, neutralizing, dissolving, etc. 
Physical properties, specifications, 
etc., as well as bibliography included. 
Section on test methods. 


52 @ METHYLAMINES. Two data sheets 
from Commercial Solvents Corp. on 
monomethylamine, dimethylamine, 
trimethylamine and furfurylamine. 
Formulas, properties, specifications, 
etc. 
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53 @ PETROLEUM RESIN. Piccopale, 
polymerized petroleum resin devel- 
Pennsylvania Industrial 
Corp. Available as solid, 
in For chemi- 
texti an pe 
troleum, industries “Melting 
point 70° to 100° C. Brochure. 


54 @ FIREFAX, Pyrene Mfg. Co. Fire- 
fax an occasional publication covers 
news concerning fire protection with 
its various units, extinguishers, py- 
rene foam, etc. 


BULLETINS 


55 @ FLEXIBLE PIPE CLEANING. Bul- 
letin from Flexible Pipe Cleaning 
Co. describes and illustrates various 
hand tools and working heads for all 
conditions of pipe. For mechanical 
rodding of phone and electric ducts, 
fish wire pullers, speak heads, rod 
guide jacks, etc. 


56 @ CHECK VALVES. Tilting disc 
check valves of iron, bronze, and 
steel for pressures up to 3000 Ib./ 
-in. described in Chapman Valve 
fg. Co. bulletin. It covers dimen- 
sions, details of construction, types, 
etc., of valve which operates either 
horizontally or vertically. 


57 @e COOLING TOWERS. Brochure 
from C. H. Wheeler Mfg. Co. on 
tion and maintenance of me- 
nical draft-cooling towers. Ap- 
plication and performance, placing 
tower in oO tion, maintenance, 
etc., reviewed in detail. 


58 @ SILICONE RUBBER. A reference 
file for designers plus information 
for laymen on silicone rubber from 


Postage 


Dow Corning Corp. fogmentiens in- 
clude gaskets, seals, diaphragms, elec- 
trical insulation hose, etc. Bulletin 
includes temperature, strength, re- 
sistance and hardness charts, etc. 


59 @ INDUSTRIAL MIXERS. Industrial 
mixers for the glass, fertilizer, refrac- 
tories, chemicals, etc., industries, 
open or dust-sealed. Bulletin from 
Worthington Corp. describes both 
open and dust- and fume-proof de- 
sign. Specifications, dimensions, etc. 


60 @ PLASTIC PIPE AND FITTINGS. 
Kraloy Plastic Pipe Co., Inc. leaflet 
on plastic pipe and fittings. Made of 
light weight resin. Noncorrosive, 
nonconductor of electricity, no af- 
finity for waxes, or paraffin, requires 
no wrapping, low installation cost. 


61 @ CENTRIFUGAL COMPRESSORS. 
Single stage 30-600 hp. 
3% |b./sq.in. centrifugal compressors 
by American Blower Corp. Ratings 
applications, speeds, functions, etc. 


62 @ SUPER-REFRACTORIES. Materials 
of construction offering resistance to 
corrosion and abrasion, high hot 
strength, chemical inertness and wi-le 
range of thermal conductivities in 
bulletin from Carborundum Co. 
Withstands 3000° F. 


63 @ FORK TRUCKS, Yale & Towne 
Mfg. Co. new drum- and barrel-han- 
dling attachment for its fork trucks. 
Handles drums of any head or rim 
size. Easily attached. Drums can be 
tiered at maximum fork height with- 
out use of pallets. 


64 @ HEAT EXCHANGER. Delanium 

aphite block cubic heat exchanger 
Som Delanium Carbon Corp. High 
thermal conductivity. ‘Thermal con- 
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ductivity 40 B.t.u./(br.) (sq.ft. 
(°F/ft.). Chemically high 
compression strength. Bulletin illus- 
trated; charts, etc. 


65 @ VALVE CONTROLLER. Fisher 
Governor Co. on Positrol valve con- 
troller. Gives valve-position stability 
in large or small changes without 
cyclic effect of over- and under-posi- 
tion control. Operating principle 
diagrammed, specifications, dimen- 
sions, etc. 


66 @ OXYGEN-NITROGEN GENERA- 
TORS. Generating equipment for 
production of oxygen, nitrogen and 
other gases. Two types both with 
low-, mediuri-, or high-pressure 
— Used in petrochemical, glass, 

emical, etc., industries. Air Prod- 
ucts, Inc. bulletin. 


67 @ NEOPRENE SYSTEM. Cold easy 
bonding to equipment of uniform 
sheet cured Neoprene. From Gates 
Engineering Co. Film thicknesses 
Y%e-%e in. available in single ap- 
plication. 


68 e KONCENTRIK FITTINGS. Stain- 
less steel fittings with tefion seals 
from Special Screw Products Co. Va- 
riety of sizes and tube combinations, 
diagrams, sizes, tee combinations, 
etc., in bulletin. 


69 @ LABORATORY APPARATUS. Sci- 
entific Glass Apparatus Co. “What's 
New for the Laboratory” series 
Twenty-seven items featured in bul. 
letin photographically illustrated 
Details of sizes, prices, etc. 


70 @ DURANT ANCHOR. Durant In- 

sulated Pipe Co., insulated anchor 

for underground insulated-pipe sys- 

tems conveying hot or cold liquids, 

or gases. Construction eliminates 

contact between anchor plate and 
ipe. Plate insulated from pipeline 
th thermally and electrically. 


71 @ ALLOY EQUIPMENT. Alloy Fab 
ricators, division of Continental Cop 
per and Steel Industries, Inc. line 
of corrosion-resistant equipment for 
chemical oil, food, textile industries, 
etc. Covered are coolers, kettles, dust 
collectors, etc. Specific information 


on specially designed equipment. 


72 @ OXYGEN ANALYZER. Arnold O. 
Beckman, Inc. announces model G 
oxygen analyzer. Used in_ boiler 


plants, chemical processes, oil refin 
eries, medical research, etc. Auto 
matic operation, temperature- and 
flowrate-independent, wide range. 
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this country and is selling rubber in 
competition with private producers in 
the United States and in other parts of | 
the world. If this is not socialism, 
surely it is something perilously close to 
socialism,” he declared. 

Collyer called the attention of the | 
chemical engineers to the fact that the | 
government now is spending tax money | 
to pay for 56 per cent of all research 
being done in this country, whereas 10 
years ago it accounted for 36 per cent. 
“If this rate of increase should con- 
tinue,” he said, “private industry may 
soon be squeezed out of research, either 
because government has a monopoly on | 
the talent or because the discoveries 
have been socialized.” 

Collyer also questioned the recommen- 
dations made by the President’s Mater- | 
ials Policy Commission in June, 1952, 
that governments in effect, “control the 
supply and flow of the world’s raw ma- 
terials.” 

These recommendations, he said, 
would authorize the government to enter 
into management contracts for foreign 
materials expansion, and to establish a 
permanent agency to: (1) make long- 
term purchase agreements, including 
price guarantees; (2) provide funds for 
production loan assistance, and (3) en- 
ler into contracts or make loans which 
provide for sharing of profits with gov- 
ernment under certain circumstances. 

This, he said, would substitute the 
judgment of government planners at 
home and abroad for “the judgment of 
the market place,” and such action 
“would strike a blow at the very heart 
of our country’s competitive economy.” 

Collyer said that the Commission’s re- 
port includes estimates as to the mater- 
ials situation 25 years ahead, and he 
doubted that such recommendations 
could be made for the 1970-1980 period 
“with any useful degree of accuracy.” 


Technical Discussion 


Two major technical addresses, now 


both Institute traditions, were given at | 


Cleveland. 
Institute Lecture delivered by Prof. W. 


R. Marshall, Jr., of the University of | 


Wisconsin, on “Spray Drying and 
Atomization”; the other, the annual 
Professional Progress Award lecture by 
Prot. R. H. Wilhelm of Princeton Uni- 
versity, who discussed “Rate Processes 
in Chemical Engineering.” Professor 
Marshall’s talk will be published as a 
Chemical Engineering Progress Mono- 
graph, and the Wilhelm talk will prob- 
ably appear in the February issue of 

The symposia represented a variety of 
subjects beginning with an applied ther- 
(Continued on page 38) 
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One was the fourth annual | 


Forget your troubles with filter 
cake stability, cracking, slipping 
or breaking when you use... 


SPARKLER 


HORIZONTAL PLATE 


The positive stability of the fileer cake in Sparkler Horizontal 
Plate Filters gives a consistent uniform quality of filtration 
regardless of variations in pressure or flow interruption, even 
with complete shut down of the filtering operation. 

No fibrous material is required to hold a pre-coat on the 
horizontal plates. Even a very thin pre-coat can be applied and 
a low density cake built up with low pressure filtering resulting 
in a greater flow rate than is possible where pressure is required 
to hold the cake in position. 

Any kind of filter media, paper, cloths, or screens with any 
grade of filter aid can be used with maximum efficiency because 
the problem of cake stability is never a consideration with 
Sparkler Horizontal Plate Filters. 

Fine sharp filtration is obtained right from the start and 
continued up to the end of the filtering cycle. 

The filter cake built up on a Sparkler Horizontal Plate is 
always uniform in thickness and porosity over the entire plate. 
Flow is with gravity, and the filter aid is floated into position 
and distributed evenly over the entire surface 

This is why users of Sparkler Filters are free from filter 
cake trouble. 


RING CO., Mundelein, Ill. 
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R. H. Wilhelm, 

Princeton University, 

won the Professional 

Progress Award. J. 

Henry Rushton, Iili- 

nois Institute of 

Technology, won the 

William H. Walker 

Award. Thomas Baron 

won the Junior 

Award, along with 

L. G. Alexander of 

E. W. Comings (right), Purdue University, Oak Ridge National 
chairman of the High Pressure symposium with Laboratory. 

A. V. Slack who presented a paper. 


R. L. Savage of Case 
Institute was program 
chairman for the an- 
nual meeting. 


Speakers at the Applied Thermodynamics Symposium were, left to right: R. L. Pigford, Wayne C. 
Edmister (cheirman), J. M. Nelson. S. T. Hadden, C. lL. DePriester, and D. E. Holcomb 


W. R. Marshall, Uni 
versity of Wisconsin, 
delivers the Fourth An- 
nual Institute Lecture. 
His subject was 
“Spray Drying and 
Atomization.” 


C. D. Luke, chairman of the Filtration Symposium, with the speakers on his panel. F. M. Tiller, ‘ J M. Smith, Purdue 
lamar State College; William L. Ingmanson, Institute of Paper Chemistry; and H. P. Grace " University, delivered a 
Du Pont Co paper “Heats of Mix- 

ing of Liquids.” 


H. G. Drickamer, 
University of Illinois, 
spoke on the uses of 
radioactive tracers. 
Speakers at a general technical session. Left to right: Norman Barson, lowa State College; 
B. F. Smith, Olahoma A. & M.; R. C. Phillips, Stanford Research Institute; Richard Laster, General 
Foods Corp.; and John W. Clegg, Battelle Memorial Institute and chairman for this session. 


Edgar L. Piret, Uni- 
versity of Minnesota. 


Additional Filtration Symposium speakers included: E. A. Uirich, Niagara Filter Corp.; F. M. 
Tiller, chairman, Lamar State College; C. D. Luke, Syracuse University; E. A. Kane, Cuno Engineering 
Corp.; and B. F. Ruth, lowa State College. 
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Eimco special low submergence type filter 
with motorized precision cake removing 
blade developed for chemical fields. This 
type filter applicable for metallurgical, 
industrial wastes and many other products. 


Eimco’s experience in solving difficult and unusual 
vacuum filtration problems can be helpful to you. 

Old processes as well as new can benefit by the 
numerous new innovations being developed by Eimco 
specialists in vacuum filtration. 

Eimco manufactures all types of filters. Our aim is 
to help you select the best type of equipment for your 
particular application. 


ENGLAND EIMCO (GREAT BRITAIN) LTO. 12. 
ITALY BIMCO ITALIA SPA. ITALY 


| 
THE EIMCO CORPORATION i@ 
EXECUTIVE OFFICES AND FACTORIES SALT LAKE CITY 10. UTAH, 
RANCH SALES AND SERVICE OFFICES; 
MEW YORK $1.57 SOUTH STREET © CHICAGO 3319 SOUTH WALLACE STREET 
BIRMINGHAM ALA 3140 FAYETTE AVE © DULUTH. MINN. 216 SUPERIOR ST 
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COSTS and BETTER 
VACUUM... 


ILCO Ol RECLAIMER 


VACUUM 
for PUMP __ 


A simple, economical and ef- 
ficient method of restoring con- 
taminated lubricating and seal- 
ing oil to the full value of NEW 
OIL. The HILCO will produce 
and maintain oil free of solids, 
gums, water and gases in a con. 
tinuous, all-electric, automatic 
operation. 


Be SURE of clean oil in your 
HIGH VACUUM PUMPS 


HILCO 


OIL RECLAIMER 
SYSTEMS.. 


¢ WRITE FOR COMPLETE DETAILS 
IN THE FREE BULLETIN 
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144 W. Fourth St., Elmira, N. Y. 
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modynamics symposium under the direc- 
tion of W. C. Edmister of the California 
Research Corp., Richmond, Calif.; an- 
other on “Modern Statistical Methods 
in Chemical Engineering,” with C. Dan- 
iel of the research laboratory of U. S. 
Steel Corp., presiding; E. W. Comings, 
head of undergraduate engineering 
school, University of Illinois, was chair- 


| man of a high-pressure symposium along 


with B. F. Dodge of Yale University. 
There was an important filtration sym- 
posium, put together by F. M. Tiller, 
Lamar State College of Technology, 
Beaumont, Tex., and a human relations 
confab under the direction of R. L. 
Demmerle of General Aniline and Film 
Corp., vied with several sessions of gen- 
eral papers for the interest of the chem- 
ical engineers. 

The chemical engineers were given a 
view of how modern chemical engineer- 
ing is solving problems on every front, 
by Dr. Robert D. Ingebo of the National 
Advisory Committee for Aeronautics. 
Dr. Ingebo reported on a study of one 
of the factors causing high fuel con- 
sumption in jet engines, and told the 
meeting that inefficient evaporation of 
the liquid fuel in jet engines in forming 
combustible vapor and air mixtures, con- 
tribute to high fuel consumption. His 
study was titled, “The Effect of Pres- 
sure and Evaporation of Drops in Gas 
Streams.” The conditions of the Ingebo 
tests simulated operation of a jet en- 


| gine from sea level to altitudes of 60,000 


it. 

A warning to chemical engineers that 
the proper design of pumps used in 
chemical engineering should not be over- 
looked, was made by R. L. Jacks, design 
engineer, Esso Standard Oil Co. (La.). 
Mr. Jacks reported on “Process Design 
of Pumping Equipment.” He said that 
with the great industrial expansion in 
America today, proper design of pumps 
is vital. He continued that good design 
involved the correct evaluation of the 
problem and adequate specifications of 


the requirements. To design a new 


| pump properly, he said, so that it might 


be specified adequately to the manufac- 
turer, six major points must be covered : 


general identification, process require- 


ments, suction conditions, discharge con- 
ditions, design factors and limitations, 
and any special features. 

At the smyposium “Human Rela- 
tions,” the keynote address was deliv- 
ered by R. L. Demmerle, assistant to the 
director of administration, General Ani- 
line and Film Corp. Demmerle said that 
the need for an understanding of the 
human factors springs from two major 
trends in the chemical industry: (1) the 
movement of technically trained men 
to posts where their principal job de- 
mand is the <lirection of people, and (2) 
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the interest of nontechnical groups and 
the investing public in the chemical in- 
dustry. He claims it is imperative that 
the technical man become an ambassador 
of industry to the lay world. 

R. S. Schultz, director, Industrial Re- 
lations Methods, Inc., told why chemical 
engineers succeed or fail with people, 
and stressed that the real factors of 
success are found in such characteristics 
as personality, attitude, motivations, etc. 
He gave suggestions on how a chemical 
engineer might best improve personal- 
ity characteristics in any category in 
which he feels he is deficient. 

Prof. Paul Pigors of the Massachu- 
setts Institute of Technology said that 
the aloofness of technical men from the 
problems of working management in 
dealing with people, has inhibited their 
status. Professor Pigors went into de- 
tail about developing the skill of work- 
ing in harmony with others and resolv- 
ing conflicts which exist between those 
doing the work and their supervisors. 

Dr. Carl F. Prutton, president, 
Mathieson Development Corp., and a 
former head of the department of chem- 
istry and chemical engineering at Case 
Institute of Technology, gave an open- 
ing paper on the chemical industry in 
Cleveland. He predicted that a healthy 
future expansion could be expected in 
this area, and he traced the growth of 
Cleveland back to 1845. 

Today’s vast industrial structure, he 
said, was “reared on a shaky foundation 
of whiskey and sodium bicarbonate.” 
adding that this “was a happy combina- 
tion, in a way, as it could involve a 
steady demand for both commodities by 
the same consumer.” In 1845 the gross 
income of this limited industry 
$12,000. 

The advent of steel and petroleum re- 
fining in Cleveland between 1850 and 
1870 was credited by Dr. Prutton with 
giving Cleveland its first real industrial 
impetus. From this time to the early 
1900's there was a steady influx of var- 
ied industries depending upon and sup- 
plying these basic industries. 

Although Cleveland is a great metal 
producing and fabricating center, it has 
had a recent spurt in chemical industries. 
In 1939, continued Dr. Prutton, govern- 
ment figures showed 187 chemical and 
related industries in the metropolitan 
area comprising Lake and Cuyahoga 
counties. Persons numbering 8,128 were 
employed and produced goods valued at 
about $110 millions. By 1947 this had 
grown to 504 plants employing 29,093 
and producing products valued at $525 
millions. 

Dr. Prutton pointed to the “truly fan- 
tastic” growth in chemical producing ca- 
pacity between Fairport and Ashtabula. 
The so-called Chemical Shore is today 
one of the world’s great chemical cen- 
ters. 
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: Electrolytic Aids to | 
THE MODERN TEXTILE INDUSTRY 


Chlorine and caustic soda, products of the electrolytic industry are 
essential in turning natural and man-made fibres into modern textiles 
of all kinds. 


Uniformly high quality GLC Graphite Anodes are doing their share 
to help the electrolytic industry meet the ever increasing civilian and 
defense demands for chlorine and caustic soda. 


ELECTRODE DIVISION 
Niagara Falls, N. Y. GLC Morganton, N. C. 


Courtesy The Dow Chemical Company 


Graphite Anodes, Electrodes and Specialties 
Sales office: Niagara Falls, N. Y. Other offices: New York N. Y., Chicago, Ill., Pittsburgh, Pa. 


Sales Agents: J. B. Hayes, Birmingham, Ala., George O'Hara, Long Beach, Cal., Great Northern Carbon & Chemical Co. Ltd., Montreal, Canada, 
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The following is a list of candidates for the designated 


grades of membership in A.I.Ch.E. recommended for elec- 
tion by the Committee on Admissions. 
These names are listed in accordance with Article III, 


Applicants for Active 
Membership 


Adams, Nellson R., New York, 
N.Y. 

Bartholomew, Paul H., Skokie, Ill. 

Brennan, Jomes J., Jr., Bartles- 
ville, Okla. 

Buchanan, Robert L., Wilmington, 
Del. 

Catterall, William E., Linden, N. J. 

Clear, C. G., Wood River, ill. 

Coons, Waldo M., Jr., Wilmington, 
Del. 

DeBiase, Robert, Staten Island, 

Dickey, Wm., San Jose, Calif. 

Donnelly, Harold Geo., Dearborn, 
Mich. 

Ela, Benj. W., Jr., Berkeley, Calif. 

Estep, James W., Worland, Wyo. 


Chicago 12, Ill. 


Binks Manufacturing 
3114-32 Carroll Ave., 


NAME 


ORGANIZATION 


SPRAY NOZZLE selection 


Whatever the application ...chemical 
spraying, evaporative cooling, web 
spraying, washing, cleaning...you will 
find this new 40-page catalog of nozzle 
information helpful. Data includes noz- 
zle dimensions, capacities, illustrations 
..-in short, everything you need. And 
it's FREE! Just contact: Binks Manufac- 
turing Company, 3114-32 Carroll Ave., 


ompany 
Chicage 12, 
©. K. BINKS. Send me your Sproy Nozzle 


Section 7, of the Constitution of A.I.Ch.E 


Fey, Vernon O., Denver, Colo. 

Florine, R. E., Seattle, Wash. 

Fraser, Vert C., Bay Village, Ohio 

Govier, G. W., Edmonton, Alberta 

Hall, E. B., Wilmington, Del. 

Harvey, J. K., Charleston, W. Va. 

Kapecki, Alfred F., Flossmoor, Ill. 

Klein, Maurice, Savannah, Ga. 

Kunkel, Karl £., Grand Island, 

lacey, Joseph |., Niagara Falls, 
N.Y. 

Lawless, Grant P., Racine, Wis. 

Lawrence, Philip H., Avon Loke, 
Ohio 

Lewis, Nelson W., E. Orange, N. J. 

Linde, Frederick A., Mt. Lebanon, 
Po. 

Lofton, Wm. M., Jr., Homewood, 
Ala. 

Maerker, John B., Secane, Pa. 


Cotalog...FREE! 


A COMPLETE LINE OF 
INDUSTRIAL SPRAY NOZZLES 
AND COOLING TOWERS 


CANDIDATES FOR MEMBERSHIP IN A. I. Ch. E. 


Objections to the election of any of these candidates 


from Active Members will receive careful consideration 
if received before February 15, 1953, at the Office of the 
Secretary, American Institute of Chemical Engineers, 120 


Maisel, Daniel S., Union, N. J. 

Manfredo, Theodore, Brooklyn, 
N.Y. 

Matthews, David L., Bay Village, 
Ohio 

McKinley, H. D., Ashtabula, Ohio 

Merrill, Edwin T., Richland, Wash. 

Pratt, Gerald L., Texas City, Tex. 

Schultz, Michael C., Terre Haute, 
Ind. 

Schultz, Richard G., Kingsport, 
Tenn. 

Snyder, George T., E. St. Louis, Ill. 

Swartz, Francis E., Jr., Fair Haven, 
N. J. 

Uhl, Vincent W., Bethlehem, Pa. 

Walton, A. T., Shelton, Wash. 

Widdoes, Lowrence C., Glencoe, 
Mo. 


Applicants for Associate 
Membership 


Chang, Yi-Chung, Tulsa, Okla. 

Hall, Joseph T., Jr., Texas City, 
Tex. 

Naisby, Henry G., Philadelphia, 
Pa. 

Reif, Henry E., Drexel Hill, Pa. 

Swanton, Walter F., Avon, N. Y. 

Van Blaricom, R., Huntington, W. 
Va. 

Van Dyke, Richard J., Racine, Wis. 


Applicants for Junior 
Membership 


Anderson, Louis J., Army Chemical 
Center, Md. 

Austin, Robert D., Tampa, Fla. 

Bailey, Robert S., W. Lofayette, 
Ind. 

Bark, Wendell G., Baton Rouge, 
la. 

Biesiadecki, Joseph P., Newark, 
N. J. 

Biggers, M. W., Loke Jackson, Tex. 

Birch, Robert W., Savannah, Go. 

Blandy, D. E., University City, Mo. 

Bowman, Chorles E., Texas City, 
Tex. 

Bremer, Alvin B., Nanuet, N. Y. 

Brown, Thurman E., Corpus Christi, 
Tex. 


East 4ist., New York 17, N. ¥. 


Brunsting, Elmer H., Cincinnati, 
Ohio 

Capobianco, Michael F., Brooklyn, 
N.Y. 

Chadwick, John L., Beaumont, Tex. 

Childers, Howard D., Manhattan 
Beach, Calif. 

Church, Don M., Houston, Tex. 

Clarice, Ralph L., Marblehead, 
Mass. 

Cole, T. Phillip, Wilmington, Del. 

Coleman, Chorles N., Baytown, 
Tex. 

Cooper, William G., Texas City, 
Tex. 

Cotton, W. S., Montreal, Que., 
Canada 

Czarnecki, Raymond C., Buffalo, 
Fa 

Davis, Irwin A., Philadelphia, Poa. 

Deacon, Thomas Henry, Gary, Ind. 

Deisler, Poul F., Jr., Berkeley, 
Colif. 

Demos, Anthony C., Bridgeport, Pa. 

DiBona, Robert James, Rochester, 

Dunlevy, Charles M., Pottstown, 
Pa. 

Engel, Alfred J., Berkeley, Calif. 

Finch, Harold L., Texas City, Tex. 

Ford, Fred A., Texas City, Tex. 

Freda, Alfred A., E. Boston, Mass. 

Fuller, O. M., Jr., Charleston, W. 
Va. 

Granger, Peter, Dunbar, W. Va. 

Graves, Richard D., Pittsburgh, Pa. 

Greek, Charles D., Texas City, Tex. 

Gross, Sidney, Seattle, Wash. 

Gruwell, Raymond G., New York, 
We 

Gunter, Chester Gene, Austin, Tex. 

Hacker, Robert F., St. Louis, Mo. 

Hamilton, Lonie W., Jr., Texas City, 
Tex. 

Hatch, A. C., Longmecdow, Mass. 

Haxton, Manford R., Texos City, 
Tex. 

Hensel, Walter E., Racine Wis. 

Holstedt, Richard A., Chicago, Ill. 

Jordan, Leon D., Cincinnati, Ohio 

Kendrick, Thomas R., Ill, Piftts- 
burgh, Po. 

King, Bennie J., Houston, Tex. 

King, William G., Baytown, Tex. 

Koloseus, Edward J., Massapequa, 
Ve 


(Continued on page 42) 


Chemical Engineering Progress 


January, 1953 


| 
| on 
! 
‘ | 
___--------- 
ati 


CRANE 


—_ 


to extend 
valve life 


Resembling austenitic stainless steel in 
many of its characteristics but possessing 
the wear resistance, machinability and 
other useful properties of gray iron, NI- 
RESIST® provides a unique combination 
of properties at moderate cost. 


It resists not only corrosive attacks of acids, 
alkalies and salts, but also provides out- 
standing resistance to wear in metal-to- 
metal applications... 


For instance, CRANE Ni-Resist gate valves, 
under corrosive conditions in a starch plant, 
have outlasted valves of other materials 
more than 5 times and are still giving per- 
fect service. 


Constantly exposed to hydrochloric acid 
vapors at 50 p.s.i. and 250 F. on raw mate- 
rials inlet to converters, the valves previ- 
ously used needed repairs every 2 to 3 weeks 
...and replacement every 3 to 4 months. 


CRANE Ni-Resist gate valves with 18-8 Mo 
Stainless Steel trim were still in excellent 
condition after 19 months of uninterrupted 
service. 


CRANE CO., whose products are used 
throughout the world of industry, and whose 
name is synonymous with valve quality, has 
for many years carried a line of Ni-Resist 
valves as part of its regular stock. 


Several types of Ni-Resist are available to 
meet a variety of industrial demands. Get 
full information...mail coupon now. 


At the present time, the bulk of the nickel 
produced is being diverted to defense, but 
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cut the/high cost of corrosion 


IN MANY SERVICES...WITH 


“CRANE 


CAST IRON GATE VALVES 


od crudes in petroleum — aod 


it Cant tron 


weight, @ 


wt threads, « yoke, 


disc stem commectionm that assures oper 
atron aod seanng of the soled wedge die Ack your (rane rep 


fesentative tor tull details, of see your Crane Catalog 


THE CRANE WI-RESIST UNE 
Working Pressures 
Cold Wate: Ov Gor Mon shock 


The Complete Crone Line Meets All Valve Needs Thot's Why More Crane Volves Are Used Then Any Other Moke! 


CRANE VALVES 


CRANE CO Ofher 


VALVES + FITTINGS + PIPE + PLUMBING + HEATING 


nickel is obtainable for the production of 
Ni-Resist for many end uses in defense and 
defense-supporting industries. There are 
authorized producers, from coast to coast, 
equipped to produce Ni-Resist castings in 


all common forms and shapes. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
Dept. 20, 67 Wall Street, New York 5, N. Y. 

Please send me booklets entitled, ‘Engineering Properties 
and Applications of Ni-Resist,” and ‘Buyers’ Guide for 
Ni-Resist Castings.” 


= Title 

Company 

City 


INC. 


67 WALL STREET 
NEW YORK 5, N.Y. 
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Here is line of “cast iron” gate wolves with epecial alent for 
corromon, erosion and wear Use them with satety where 
the wrength of ordinary cast tron us adequate —in soda and willate 
Pulp mall serv creosote lines wood treating processes — tor 
Many similar servwes 
Clue the extra staying power of Crane Ni Res 
Valves ts thee make-up (approsmmately 14% chro. 
Mium, aed 6% copper) —and un thew 18-8 Mo Alloy Steel stem and 
seating taces Not to be overlooked the tne ( rane design that 
gives you a strong body and bonne without 
wells with . 
| 
| it | | 
i 
at! 
Screwed Veive pounds 
Flanged Valves 200 pounds 
— hove solid wedge dic, with out | 
side ond yoke Sines te 
have clemp type bonnet joint 
= = 
‘ 


CANDIDATES 


(Continued from page 40) 


Krause, Walter P., Austin, Tex. 


Kutler, Andrew A., New York, N. Y. 


for Costly Chemical Piping 


Lellouche, Gerald S., Laurelton, N. Y. 
Levenspiel, O., Corvallis, Ore. 

Levoy, Myron W., Lafayette, Ind. 

Lewis, Donald C., Everett, Mass. 

Liles, Arthur William, Pocasset, Okla 
Martin, Howard W., Texas City, Tex. 
Martinson, S. Alan, Buffalo, N. Y. 
Matteson, Robert A., Marcus Hook, Pa. 
McCool, Edward J., Detroit, Mich. 
McCracken, Robert Jene, Pittsburgh, Po. 
McDonnell, J. T., Tulsa, Okla. 
McDonough, William D., Cambridge, Mass. 
McKinstry, John R., Akron, Ohio 

Meyer, Donald B., Texos City, Tex. 


Miner, Clarence Crosiar, Jr., Texas City, Tex. 
Mobley, Burton L., Houston, Tex. 

Moore, Donald A., Linden, N. J. 

Moore, Joe F., Baytown, Tex. 

Moore, Kenneth G., Port Washington, N. Y. 


4 4 Pagan, Ervin W., Rock Hill, Mo. 
“o, | Perillo, Louis B., Maple Hts., Ohio 
ae Ry rh : Plow, A. E., New York, N. Y. 


Politziner, Irwin, Army Chemical Center, Md. 
Pollock, Andre W., Chester, Pa. 

Ralls, W. O., Jr., Savannah, Ga. 

Ruby, Charles L., Richmond, Calif. 

Saphier, Lawrence, Midland, Mich. 
Sandvig, Robert L., Boulder, Colo. 

Shirley, Thomas E., Texas City, Tex. 

| Souder, Wilmer, Jr., Pottstown, Pa. 

| St ph K d F., Jr., Babylon, N. Y. 
Thomas, Lee W., Wilmington, Del. 

Thorn, Frank H., Topeka, Kan. 

Truitt, W. Bond, Ft. McClellan, Ala. 


Chemiseal Expansion Joints 
and Flexible Couplings 


@ Absorb shock, vibration, thermal expansion 
and contraction. 


t ne Turner, John A., Baltimore, Md. 

fo misalign _ Valvoda, Thomas A., Jr., Chicago, Ill. 

| Van Ness, Hendrick C., Lofayette, Ind. 
@ Connect unlike piping ends and nozzies. 


Warren, T. Wayne, Baytown, Tex. 
Weeks, Charles A., Aruba, Netherlands, W. |. 
Weist, Robert G., Texas City, Tex. 
" Westerman, Howard W., Wellington, Mo. 
Whipple, John C., Richland, Wash. 
except molten sodium and fivorine. £1 Williams, Luther L., Danville, Pa. 
2 Worth, John L., Chadds Ford, Pa. 
Young, Clayton C., Rahway, N. J. 


@ Eliminate gaskets, adaptors, slip joints. 


COMPRESSED GAS ASSOC. 
MEETS THIS MONTH 


The Compressed Gas Association, 
Inc., will hold its fortieth annual meet- 
ing at the Waldorf-Astoria, New York, 
Jan. 26 and 27, 1953. 

Technical Sessions will be held on 
Monday afternoon, and Tuesday morn- 
ing. Committee meetings will be held 
Monday morning. The annual business 
meeting of members will be held Tues- 
day afternoon. 


UNITED | FLUOROCARBON 
STATES | PRODUCTS DIVISION 


GASKET CAMDEN 1, NEW JERSEY 


Representatives in Principat 
COMPAN Y Cities Throughout the World 
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“SCHOOL FOR TEACHERS” 
AT T.V.A. 


The second “school for teachers” in | 
the Southeast was held at the Tennessee 

Valley Authority installation in Muscle 

Shoals, Ala., on Nov. 21, 1952. Organi- 

zation of the school on the college 
was handled by Frank A. Anderson, 
head of the department of chemical engi- 
neering at the University of Mississippi, 
and organization of the program at TVA 
was under the direction of A. V. Slack, | 
staff chemical engineer at the Authority. 
The subject for discussion, introduced 
by K. L. Elmore, chief of TV A research 
branch, was “Applications of Catalysis 
in Industry.” Mr. Elmore also presented | 
a review of modern theory of catalysis. 

The numerous applications of catalysis 
in industry reviewed by J. S. 
Cromeans, director of technical service, 
catalyst department, Girdler Corp., 
Louisville, Ky. Mr. Cromeans pointed 
out that knowledge of catalysis has pro- 
gressed to the point where catalysts, in 
some cases, can be tailored to cover 
quite a narrow reaction acceleration 
range out of a large number of compet- 
ing reactions. 

Special laboratory techniques used in 
research on catalysts were reviewed by 
E. O. Huffman, TVA chemist. This 
was followed by an account of TVA 
catalyst manufacturing experience by 
R. B. Burt, chief of the TVA plant 
chemical control branch. The final dis- 
cussion by J. C. Barber, assistant chief 
of the plant chemical control branch, 
described the four plant catalytic opera- 
tions at TVA, with emphasis on prob- 
lems of maintaining catalyst activity. 

Aiter a discussion session, the visiting 
professors were taken on a tour of the 
operating plants and the catalyst manu- | 
facturing installation. Seventeen pro- 
fessors irom six colleges and universi- 
ties of the area attended the sessions. 

The first “school for teachers” was 
also held at TVA on Nov. 9, 1951 (see 
“C.E.P.,” October, 1951, p. 48). This 
novel idea of the industry-advocated 
school, sponsored by the Chemical Engi- 
neering Projects Committee of A.I. 
Ch.E., has been proving worth while to 
student and instructor. 


side 


were 


CANADIAN STUDENT 
ENGINEERS UP 


Registration of first-year engineering 
students at Canadian universities is 34% 
higher this year than last, according to 
an annual survey recently completed by 
the Engineering Institute of Canada. 

This survey indicates that 2865 first- | 
year students registered in engineering 


courses for 1952-53, compared with 2105 | 


for 1951-52 and 1874 for 1950-51. Ap- 


proximately 50% more students are now | 


(Continued on page 46) 
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Chemical 


Normally when we think of chemistry, we think of chemical 
activity at room temperature and above. Yet it is possible 
that important anomalous behavior will appear in a very 
small temperature interval... perhaps near Absolute Zero. 

Although research near absolute zero (—460°F) is 
relatively new, it is contributing daily to the metallurgists’ 
understanding of the properties of metals ... And physicists 
have already discovered promising low-temperature phe- 
nomena, such as superconductivity, and are now looking 
toward their practical application. 

At present, low-temperature chemistry is mostly an 
interesting combination of words. But this is changing. 
Chemicals which are extremely reactive at ambient tempera- 
ture may conceivably be stabilized at low tempercture. 
Knowledge of what happens at extreme low temperature 
can be of particular value to chemists as a key to the 
explanation of high-temperature reactions. 

Today, facilities for extreme low temperature are part of 
a well-equipped laboratory for virtually all fields of 
research. Write for descriptions of low-temperature 
equipment and applications — Bulletin CEP 22-1. 


AL Tore, 


MECHANICAL Diviston 
30 MEMORIAL DRIVE, CAMBRIDGE 42, MASS, 
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NEW TECHNIQUE 
FOR FIELD ERECTION 


A new wrinkle in erection practices is 
reported by the Catalytic Construction 
Co. as having “cut costs and time” in 
the installation of new refining facilities 
at the El Paso plant of the Standard Oil 
Company of Texas. 

The new equipment includes a synthe- 
tic crude unit and a Houdriflow catalytic 
cracking unit—each rated at 11,500 bbl. / 
day—a 7,555 bbl./day vacuum flash unit, 
a gas recovery unit, and an alkylation 
plant. 

The procedure, illus- 
trated above, was the use of the stairwell 
and elevator shaft of the catalytic crack 
ing unit as a pedestal for the guy der- 
rick. This saved the time and cost of a 
separate structure, which would 
mately have to be dismantled. 


new erection 


ulti 


Orthodox construction practice would 
have called for a guy derrick to reach 
a height of 360 ft. The foundation, erec- 
tion charges and rental or depreciation 
of a derrick pedestal for such service 
costs in the range of $50,000 to $65,000. 

The use of the stairwell and elevator 
shaft offered an alternate possibility, 
with the added advantage that none of 
the involved in the guy derrick 
pedestal erection would have to be writ- 
ten off of construction. This 
stairwell, substructure of reinforced 
concrete 451% ft. above grade and a steel 
structure 17 & 21 ft., rising more than 
300 ft. above the conerete pedestal, had 
to support 300° it. 
long, on a above 
vrade. 


cost 


as cost 


elevator 
shaft 311 ft. 


catalyst 
head 


a 


These design conditions gave a struc 
ture which, by the use of guys, would 
adequately support the 
struction derrick with 
and 25-ton capacity. 


required con 
100-ft. boom 
However, under 
these conditions, with the limited work- 
ing area, and by reason of the pedestal 
itself being guved, it was clear that each 
piece of equipment would have to be 
raised to the top of the structure and 
rotated 90° before being lowered into 
place. 


its 
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According to a tabulation made by 


A.LCH.E. MEMBERS 


ON STATE BOARDS 


part in the state registration of profes- 


Alex C. Burr, chief of the fuels technol- sional engineers. Mr. Burr sent in the 
ogy division, U. S. Bureau of Mines, following list of members of A.I.Ch.E. 
Jamestown, N. D., chemical engineers who are serving on their various state 


are playing 


State 


an increasingly important 


Name 


boards: 


Position 


on Board 


California .L. M. kK. Boelter .. Member 
Connecticut ..L. L. Newell . Member 
Illinois G. Lamb .Chairman 


Louisiana 
Maryland 
Massachusetts 
Missouri e 
North Dakota 
Oregon 
Washington 
West Virginia 


M. 


lex C. 
K. I 


Jesse Coates ... 
Hebbard 
Wilson 

Bruce Williams 


Schwarz 


. Member 
Vice-chairman 
. Vice-chairman 
.Chairman 
.Chairman 
Chairman 


me... 


2enson 


Hodge 


It was then decided that by heavying 
up some of the diagonal bracing in the 
vertical bents near the top and introduc- 
ing temporary diagonal bracing in bays 
not otherwise braced, the structure 
would support the derrick without guys 
and the necessity for long lifts could be 
avoided. 

The additional cost of reinforcing this 
structure was less than $1,000, a neg- 
ligible amount compared with the saving 
of time and man-hours required to erect 
a guyed pedestal, the company stated. 


KLOPSTEG ASSOC. DIR. NAT. 
SCIENCE FOUNDATION 


Dr. Paul E. Klopsteg, assistant direc- 
tor of mathematical, physical and engi- 
neering sciences of the National Science 
Foundation, has been appointed to the 
new position of associate director of the 
Foundation. Dr. Raymond J. Seeger, 
program director for physical sciences, 
has been appointed acting assistant di- 
rector for mathematical, physical and 
engineering sciences. 


MOLDED-TYPE PIPE INSULATION 


Molded-type pipe insulation has been installed on a 120° F. heat exchanger, by the Union 
Special Machine Co. Standard 114-in.-thick molded-type mineral-wool-fiber pipe insulation in two 
sections was wired in place with 18-gage yalvanized iron wire at about 18-in. centers along the 


10-in. shell. 
Because the standard length of the molded-t 


insulation were required to cover the 9-ft.-long exchanger. 
finished with 4-oz. canvas pasted over the surface, sizing and paint. 


ype pipe sections is 36 in., only three units of 
The mineral-fiber insulation was 
The insulation was cut to 


fit closely around supports and connecting lines, and the company reports low cost and easy 
installation. 
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(Top) The 40,000 sq. ft. Ingersoll-Rand surface con- 
denser serving Unit #1. (Left) The two I-R vertical 
condensate pumps for Unit #1. (Right) The four 
Ingersoll-Rand circulating-water pumps for both Units 


#1 and #2. 
In ersoll-Rand 
11 BROADWAY, NEW YORK 4, N. Y. 827-4 
Vol. 49, No. 1 


Delaware Power & Light installs Two, 
then orders Third Ingersoll-Rand Condenser 
at New Edge Moor Power Station 
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ALL THREE UNITS SERVED BY 
I-R VERTICAL CIRCULATING-WATER 
AND CONDENSATE PUMPS 


The Delaware Power and Light Company's Edge 
Moor Power Station, on the Delaware River near Wilm- 
ington, started furnishing power to the system on June 
1, 1951 with two 60/66,000 kw turbine generator units. 
It will mainly serve the growing business, industry and 
home load in Wilmington, the surrounding area of Dela- 
ware, and the thriving Delmarva Peninsula. 


This first major steam plant of the company was 
engineered and constructed by United Engineers and 
Constructors, Inc., Philadelphia. Semi-outdoor construc- 
tion is employed with the economizers, dust collectors, 
air heaters, flues and stacks located outdoors. 


Units One and Two, now on line, are 60/66,000 kw 
turbine-generators to operate on 1250 psi, 950°F, steam. 
These two units are served by two Ingersoll-Rand Rec- 
tangular Condensers, each containing 40,000 sq. ft. of 
condensing surface. They are single-pass, vertically 
divided units with a storage hotwell holding 10,000 
gallons of condensate. 


Each condenser is served by two Ingersoll-Rand 
vertical circulating-water pumps, each rated at 36,000 
gpm at 25 ft. total head. Also serving each condenser 
are two I-R vertical concensate pumps, each rated at 
1400 gpm at 320 ft. total head. 


Within the next few months ground will be broken 
for a 60,000/75,000 kw turbine-generator addition of 
reheat design. This new unit, to go on line in late 1954, 
will also be served by a 40,000 sq. ft. Ingersoll-Rand 
Rectangular Condenser, I-R circulating-water and con- 
densate pumps. All the Ingersoll-Rand equipment for 
this third unit essentially duplicates the condensing 
apparatus for units one and two. 


Compact I-R Condensers such as these save valuable 
space because their rectangular design fits the rectangu- 
lar space available under the turbine. Installation 
expense is minimized because I-R condensers are com- 
pletely assembled at the factory. Then they are dis- 
assembled and shipped in large sections, which are 
completely flanged for easy erection without any field- 
fitting or strength-welding. 


COMPRESSORS - AIR TOOLS - ROCK DRILLS - TURBO-BLOWERS 
CONDENSERS - CENTRIFUGAL PUMPS - DIESEL & GAS ENGINES 
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THE 


ou're looking at a polished section cut from a Dura- 
spun Centrifugal Casting...a casting with 12-14% 
chromium. It tells better than words of the high quality 
of Duraspun Centrifugal Castings. 


You get a fine, dense, uniform grain structure. Possible 
air pockets and blow holes are eliminated. Tensile 
strength is higher than with static castings. 


Order Duraspun if you need pipe or tubing. Sizes run up 
to 15 feet in length; up to 32 inches OD; and down to “Vs 
inch wall thickness. Odd shaped pieces can be produced 
providing a circular hole passes uniformly down the 
center. These, of course, require specially designed 
casting forms. 


If, before ordering or asking us to quote, you would 
like to know more about our work and facilities, send 
for our Catalog 3150. 


uston @ Kansas City © New Orleans 


URALY Y company 


Scottdale, Pa: ‘Eastern Ottice 12 East 41st Street, New York 17 


ENGINEERING WHO’S WHO 
TO BE REVISED 


The seventh edition of Who’s Who in 
Engineering, the first revision since 
1948, is now being compiled under new 
provisions established by the publisher 
with the cooperation of an advisory com- 
mittee of the Engineers Joint Council. 
The minimum qualifications for inclusion 
in the volume as revised require that 
engineers listed be: 
Engineers of at least ten years’ active 
practice, at least five of which have been in 
responsible charge of important engineering 
work. 

Teachers of engineering subjects in col 
leges or schools of accepted standing who 
have taught such subjects for at least ten 
years, at least five of which have been in 
responsible charge of a major engineering 
course, 


The method of revision to be followed 
includes resubmission of their material 
to all who appeared in the sixth edition; 
invitations to supply data to a large list 
of engineers who have been variously 
recommended for inclusion in the past 
four years; and invitations to other engi- 
neers not now included whose activities 
warrant their appearance in the book. 
The A.I.Ch.E. representative to the 
advisory committee of E.J.C. on the pub- 
lication is Stephan L. Tyler, Secretary. 


SOAP INDUSTRY 
TO CONVENE 
| ‘The soap industry will hold its twenty- 
sixth annual convention at the Waldorf- 
Astoria in New York on January 27 
to 29 under the auspices of the Associa- 
tion of American Soap & Glycerine Pro- 
ducers, Inc. 

Changes resulting from new govern- 
mental policies, from new consumer buy- 
ing trends, and from advances in tech- 
nology for soap, synthetic detergents, 
glycerine, and fatty acids will be con- 
sidered. Among the general speakers 
will be Carlos P. Romulo, Philippine 
delegate to the United Nations; Kevin 
McCann, former assistant to General 
Eisenhower; and Senator Paul H. 
Douglas. 


Canadian Student Engineers 
(Continued from page 43) 


taking first-year engineering than were 
registered two years ago. 

For the first time in some years the 
total enrollment of engineering students 
in all years is up from the previous year 

| by a small margin. The total registra- 
tion is 8230. The number in the graduat- 
ing classes, however, is lower than a 
year ago, amounting to 1357, a reduction 
20% from 1951-52. A still further 
reduction is forecast for the 1954 grad- 
uating class, but in 1955 a small increase 
may be expected. 
(More News on page 48) 
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Aldrich-Groft “"POWR-SAVR"™ 
Controllable Capacity Pump. 


For automatically controlled delivery 


This calls for an Aldrich-Groff "POWR-SAVR” 
—a variable stroke triplex pump which con- 
trols delivery from 0 to 100% capacity at 
constant pump and motor speed. Control can 
be accomplished from any remote point, 
manually or automatically. Power consump- 
tion is almost directly proportional to demand. 
Units handle any free-flowing liquid at dis- 
charge pressures from 300 to 15,000 psi and 
are available in six sizes: from 2” to 6" stroke 
and from 5 to 125 bhp. Request Data Sheet 65. 


For high pressure at small volume 


THE 


Specify the Aldrich-Lytle Hydro-Pneumatic 
Unit. This pump is self-contained, uses normal 
plant air supply as the power medium, and 
provides high pressures (up to 20,000 psi) 
at small volume. Request Data Sheet 69A. 


20 GORDON STREET © ALLENTOWN, 


Representatives: Birmingham Bolivar, N.Y. . Boston Buffalo 


Duluth 


Richmond, Va. St.Louis Sanfrancisco Seattle © Spokane, Wash. 
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. Houston . Jacksonville . Los Angeles . 


New York 


‘your chemical pumping need... 


For medium to high pressure service 


Here, several types of constant stroke pumps 
are available—depending upon the service 
involved. You may need the Inverted Vertical 
Triplex (Data Sheet 66), the Vertical Triplex 
(Data Sheet 26), or the Direct Flow Triplex 
or Multiplex Pump (Data Sheets 64, 64B). 


From our experience in building pumps for the 
chemical industry, we can—from our engineer- 
ing and service files—frequently make specific 
recommendations to meet your chemical pump- 
ing needs .. . whether your problem involves 
corrosion, high viscosity or high pressure. 


Any or all of the above Data 


Sheets are available on request. 


Aldrich Accumulators are also 
available to meet your displacement 
requirements. For information on 
hydro-pneumatic and weight-loaded 


types, request Data Sheets 29, 29A. 


PUMP COMPANY Onginalors of the 


Se 
Direct #low Lump 


Chicago . Cincinnati . Cleveland . Denver . Detroit 
Omaha . Philadelphia Pittsburgh Portiand, Ore, 
Syracuse Tulsa Export Dept.: 751 Drexel Building, Phila. 6, Pa. 


Chemical Engineering Progress Page 47 


| . \ 
Among mony coustic solutions, \ al fy 
Aldrich Pumps oF acid, 
> id nitric acid, ~ 
| 
| 
! 
8 | 
. 
| 
| 
| 
| | 
| 


HYGROL 


DRIES AIR BEST 


with exact moisture content 


to control your product's quality 


to prevent condensation on your product or material 


to prevent changes due to moist air in contact with your product 


to protect your processing of moisture-sensitive material 


to DRY your material or product 


> 
> 
> 
P to protect your material from dampness 
> 
> 


to pack or store your product safe from moisture damage 


P to get exact moisture control for the precise atmosphere 


condition you need 


p> to provide precise atmospheric conditions for testing 


p> to increase your air conditioning capacity 


p> to DRY large quantities of fresh air from outdoors 


The Niagara’s Controlled Humidity Method using 
HYGROL muoisture-absorbent liquid is 


Best and most effective because . . . it re- 
moves moisture as a separate function 
from cooling or heating and so gives a 
precise result constantly and always. 
Niagara machines using liquid contact 
means of drying air have given over 20 
years of service. 


Most reliable because ... the absorbent 
is continuously reconcentrated automat- 
ically. No moisture-sensitive instruments 
are required to control your conditions. 


Most flexible because . . . you can obtain 
any condition at will and hold it as long 
as you wish in either continuous produc- 
tion, testing or storage. 


Easiest to take care of because .. . the 
apparatus is simple, parts are accessible, 
controls are trustworthy. 


Most compact, taking less space for in- 
stallation, 


inexpensive to operate because ... no 
re-heat is needed to obtain the relative 
humidity you wish in normal tempera- 
ture ranges and frequently no refrigera- 
tion is used to remove moisture. 


The cl t b ...no solids, salts 


or solutions of solids are used and there 
are no corrosive or reactive substances. 


a 


Niagara Controlled Humidity 

Air Conditioning 
This method removes moisture from air 
by contact with a liquid in a small spray 
chamber. The liquid spray contact tem- 
perature and the absorbent concentra- 
tion, factors that are easily and positively 
controlled, determine exactly the amount 
of moisture remaining in the leaving air. 
Heating or cooling is done as a separate 
function. 


For complete information write 


NIAGARA BLOWER COMPANY 


Dept. 
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ANOTHER ROLE FOR COAL 


The world’s power requirements may 


some day be met entirely with atomic 
energy, Dr. George Curme, Jr., vice 
president of Union Carbide and Carbon 
Corp., said recently. Coal and petroleum, 
he predicted, may become sources chiefly 
of industrial products. 

“We are living today,” Dr. Curme 
continued, “in the midst of the greatest 
revolution civilization has ever known 

the profound and progressive 
change in our ways of securing the 
basic needs of our people, the marked 
improvement in the standards of living 
of whole nations, an increasing control 
of our physical environment.” Crop 
lands that now supply industrial mater- 
ials such as fibers, coatings, and forest 
products may be needed to provide food 
for the world’s growing population. To 
replace this source of raw materials, ac- 
cording to Dr. Curme, the chemical in- 
dustry will be called upon to supply 
materials by synthetic methods. Our 
vast coal reserves, instead of being used 
for fuel, will meet these new needs. 

Dr. Curme spoke at a dinner of the 
American Chemical Society Pittsburgh 
Section, where Dr. Homer H. Lowry, 
director of the Coal Research Labora- 
tory of the Carnegie Institute of Tech- 
nology, received the Pittsburgh Award 
for “outstanding service to chemistry 
and to the community.” 


YEAR-END STATEMENTS 
PREDICT BRIGHT FUTURE 
Expansion is the keynote for 1953, ac- 

cording to leaders in the chemical indus- 
try. The note of optimism was sounded 
in year-end statements by various com- 
pany heads despite acknowledged short- 
ages and some cutbacks in’ defense 
spending. 

“For those who believe America’s 
postwar expansion is done climbing the 
hill and is ready to turn down to a 
lower plateau, the chemical industry may 
well have some surprises.” predicted 
Charles S. Munson, president, Manufac- 
turing Chemists’ Association, Inc., in 
discussing chemical research and devel- 
opment in 1953. “Rubber can look for 
ward to another record year in 1953,” 
said H. D. Humphreys, Jr., president, 
United States Rubber Company, and he 
added that “chemicals and plastics are 
becoming increasingly important to the 
rubber industry 24 

Increasing uses discovered for alum- 
inum in 1952 promise continued growth 
of the industry in 1953, according to 
I. W. Wilson, president, Alununum 
Company of America. He mentioned 
among ALCOA’s projects a chemical- 
products plant at Bauxite, Ark. 

In the industrial engineering and con- 
struction field, William Collins, presi- 


dent, Walter Kidde Constructors, Inc., 


sees a steady demand being maintained. 
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ENGINEERING DEANS 
TO WORK IN INDUSTRY 


Two deans of engineeri y, both chem- 


ical engineers, have joined Du Pont 


Co.'s engineering department for a “year 


in industry.” Dr. Stephen Crawford, 


dean of engineering and director of the 


engineering experiment station at the 
University of Rhode Island, and Dr. 
Jesse W. Mason, dean of engineering at 
Georgia Institute of Tec hnology, are on 


a year’s leave of absence from their col- 


lege posts to participate in an industrial 
schedule that will take them through the 
company’s entire engineering organiza 
tion. The program was inaugurated in 
1951 by Granville M. Read. chief engi- 
neer, to “bridge the gap between the 
campus and industry.” 


NEW GERMAN 
HEATING MONOGRAPH 


Investigations of the “Heating Effect Vhere a 


of Flowing Superheated and Saturated 


Steam,” carried out by Dr. Georg 

Winckelsesser at the Technical Univer- PYROFLEX CONSTRUCTED TANK 
sity in Kar'sruhe, Germany, are de- 

scribed in a recent addition to Dechema 

Monographs, a German chemical engi- fer 

neering series. The main conclusion 

from the experimental data is that, other EV r he Y C 0 Pe R 0 S | VE S 0 L U T | 0 N 
factors being equal, the heating effect of 

superheated steam is superior to that of 
saturated steam. A number of conclu- 
sions are also noted regarding the flow 
of heat within the water layer on the 
cooling surface. 

The monograph, No. 244, Vol. 20 
may be purchased from Deutsche Gesell- 
schaft fur chemisches Apparatewesen. 
Frankfurt am Main, at a cost of three 
dollars. 


Every Pyroflex-Constructed Tank is in- 
dividually engineered to do a specific job. 
For example, the pickling tank above must 


handle a hot sulphuric acid solution. A 


steel shell was lined with a heat-bonded 


Pyroflex sheet membrane. Two courses of 
acid-proof brick set in Knight No. 2 Acid- 


Proof Cement were installed. Exterior sur- 


ADDITION TO SULFATE 
OF POTASH FACILITIES 


International Minerals & Chemical 


faces were covered with Pyroflex. The re- 


Corp. plans an addition to its sulfate of sult is a tank completely resistant inside \ 
potash facilities at Carlsbad. N. M. A. and out to the corrosive conditions under 3 
we Norman Into, vice-president in charge Two courses of acid proof brick which it must function. 
of the potash division, announced that set in Knight acid proof cement 
! the plant will be in production around are installed over Pyroflex lin- Tanks for pickling stainless must handle 
the beginning of 1954. The added pro ing in pickling tank. nitric and hydrofluoric acid. Suitably con- 
duction resulting from this expansion : : 
‘ will amount to approximately 35,000 tons structed tanks are also built for this 
of sulfate of potash a vear, he added. service. Pyroflex Construction is not limited to the use of any 
rticular materials. Each unit is constructed of whatever materials 
MARKET RESEARCH pa 
‘ LECTURES AT CASE best meet individual requirements. Thus, you are assured of a tank 
Chemical market research is the sub- tailor made to fit your job — to give long trouble-free service with 
pect Of am evening series less maintenance and down time. Pyroflex-Constructed Tanks can be 
sored by the department of chemistry ; 


shipped F.O.B. Akron, or lined on the job site by skilled field crews. 


and chemical engineering of Case Insti- 
tute of Technology and the Chemical 
Market Research Association. Begin- Write for Bulletin No. 2F, Pyroflex Construction. 
ning on Feb. 3 and continuing weekly 
through the semester, the program ts 
directed toward people in industrial and 
academic fields. The series will be given 
at Case Institute. 


aurice A. Knight 701 Kelly Ave., Akron, Ohio 
Acid and Alkali-proof Chemical Equipment 


Vol. 49, No. 1 Chemical Engineering Progress 


ay 
Page 49 


BAKER PERKINS mixers 
will thoroughly mix and knead 
almost any material for the 
chemical processing industry 


There is a BAKER PERKINS Mixer built to efficiently mix and 


knead materials ranging in consistency from dry powders and 


light fluids to stiff plastic masses. Close clearance between 


the blades and trough keeps every particle of the material 


in constant motion so that no part of the batch escapes the 


thorough mixing action of the blades. Intensive kneading 


is maintained as the material is pulled and squeezed against 


the blades, saddle and sidewalls. Consult a B-P sales 


engineer for full facts. 


Size 16, NEM B-P “Universal” Mixing and Kneading 
Machine for heavy plastic masses. Working capacity 
150 galions; total capacity 225 gallons. Fabricated 
steel trough shell jacketed for 150 psi. steam or water 
pressure. Cast iron trough ends are not jacketed. 
Saddle se:tion has thermocouple for temperature con- 
trol. Cast steel Sigma or Double Naben blades cored 
for circulating steam or water. Oil tight gear guards; 
anti-friction bearings. 50 HP motor. 


242-A 


Other BAKER PERKINS products 


EQUIPMENT FOR FOUNDRY 
INDUSTRY 


EQUIPMENT FOR RAYON 
PRODUCTION 


CENTRIFUGALS 


BAKER PERKINS INC. 


CHEMICAL MACHINERY DIVISION * SAGINAW, MICHIGAN 
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| HIGH FREQUENCY 
EXTRACTS FATS 


A new process for the cold extraction 
of fats and oils from cellular material, 
| is announced by The Sharples Corp., 
| Philadelphia, who has contracted with 

British Glues & Chemicals, Ltd., Lon- 

don, England, to handle the process in 
North America. 


This process, which bears the name 
of I. H. Chayen, technical director and 
assistant managing director of the 
British company, is based on the prin- 
ciple of impulse-rendering. The material 


| to be rendered is suspended in a contin- 
| uous stream of cold water, and passes 


through a vessel in which the water is 
subjected to a series of high-speed, high- 
frequency mechanical impulses. Under 
these conditions, the water acts on the 
fat cells like a battery of hydraulic drills; 


| the éells are instantaneously ruptured 
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and the fat is released without the de- 
gradation normally resulting from heat 
or chemical extraction. 

Although impulse-rendering is now 
being used commercially for the contin- 
uous cold degreasing of bone, test runs 
in England and at Sharples, according 
to the companies, indicate successful 
application of the principle in a much 
wider range of fat and oil bearing ani- 
mal, fish and vegetable materials. 

The first plant employing the Chayen 
process in North America is at W. 
Harris, Ltd., well-known bone renderers 
and glue makers in Toronto, Canada. 

In the Harris plant, and three plants 
of British Glues in England, the broken 
bones are fed in a continuous stream of 
cold water, through the impulse-ren 
derer at the rate of 5,000 Ib. an hour. 

The extraction of fat from the bone 
takes less than a second, and the fat 
comes out a white, bland solid of high 
purity. The fat and degreased bone are 
then separated by gravity and go by 
different routes through a series of 
washing and centrifugal separating 
processes. The fat goes into storage 
ready for sale three minutes after the 
bone is fed into the bone breaker. The 
degreased bone is ready for glue-making 
or drying within eight minutes of the 
start of operations. 

The Sharples Corp. has an engineer- 
ing team working on the process in 


Phila. 


INDUSTRIAL INSTRUMEN- 
TATION AT FLORIDA UNIV. 

The University of Florida has an- 
nounced the fourth annual short course 
in industrial instrumentation to be held 
in Gainesville, Fla., Feb. 2-4, under the 
sponsorship of the College of Engineer- 
ing. Dr. J. Hillis Miller, president of 
the University, will open the conference. 
Prof. R. C. Specht is the conference 
supervisor 

(More News on page 38) 


January, 1953 


| 
| 
| 
| 
| | 
| 


LOCAL SECTION 


EDITOR'S NOTE 


The past several weeks of 1952 saw 
considerable activity in the local sec- 
tions of A.I.Ch.E. throughout the 
country. Socials, dinner meetings, busi- 
ness meetings, and plant visits were well 
attended and the discourses, formal and 
informal, highlighted many current and 
recurrent problems in the diversified 
fields of chemical engineering. A vote 
of thanks goes to all reporters—some 
nameless here—who covered the events 
so faithfully and ably. However, we be- 
gin on this page a recapitulation of the 
events and activities, reports of which 
arrived in this office late in 1952. If 
your section is not represented here let 
us have news from you by Jan. 20 and 
it will be included in the February issue 
of “C.E.P.” in which issue the names 
of the new section officers will be listed. 


Taking a backward glance, and flitting 
about on unscheduled trips to the local | 
sections : 

Here is Richard Donovick, of the 
Squibb Institute for Medical Research, 
speaking before the New Jersey Section 
on “Microbial Fermentations, The 
Crossroads of the Sciences.” Lysle J. 
Heney reports that the talk aroused 
considerable interest. At a prior meeting 
section members heard Prof. John 
Tukey, of the mathematics department 
of Princeton University, talk on “Sta- | 
tistical Design of Experiments.” 

On Dec. 6 eighty-eight engineers were | 
counted at the gate of the Buffalo refin- 
ery of the Socony-Vacuum Oil Co. for | 
the Western New York Section’s first 
plant trip of the vear. J. W. Casten, 
reporting on the fine attendance espe- 
cially for a Saturday morning, congratu- 
lated Prentiss Reeves, process engineer | 
of the refinery and organizer of the trip, 
for his preliminary remarks which in- 
cluded an outline of the general practices 
of petroleum refinery and gasoline pro- 
duction together with the dewaxing and 
disposal of end products. Guides took 
groups through the dewaxing plant, 
and the thermofor catalytic cracking 
unit. 

On Dec. 9, thirty members of the 
Northeastern New York Section in 
Schenectady heard Robert P. Haviland, 
of the General Electric project Hermes, 
give a “Report of the Bumper (two- 
stage rockets) Program.” Roger E. 
Larson, telling about the meeting, said 
that slides and movies clarified some of 
the problems of designing, developing, 
and testing two-stage rockets. At a 
previous meeting Harold Simon of Gen- 
eral Aniline Works, Rensselaer, N. Y., | 
discussed color dyeing explaining how 
the various types of dyes were affixed to | 
cloth. 

Down in the Southwest W. R. Trutna, 
secretary of the South Texas Section, re- | 
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YOU CAN 
STOP 


liquid 
carry-over 


vessels 
WiTtTH 


METEX 


MIST ELIMINATORS 


The unusually high efficiency with which these knitted wire mesh units 
remove the liquid entrainment that occurs in a wide variety of refining 


_ 1, Improve product quality and elimi- 


nate reruns. 


2. Prevent contamination in subse- 
quent operations. 


3. Recover valuable products previ- 
ously lost. 


4. Operate existing equipment at 
higher capacities. 


_ and processing operations has enabled engineers to: 


5. Design new equipment with smaller 
dimensions. 


6, Achieve more economical process- 
ing of lower grade materials. 


7. Secure longer “on-stream” periods 
by removing corrosive liquids. 


8. Prevent air pollution by objection- 
able liquids. 


METEX Mist Eliminators can be used wherever the problem of liquid 
entrainment exists. By effecting complete removal of liquids, Mist Elim- 
inators contribute to more efficient and economical processing in such 


vessels as: 
VACUUM PIPE STILLS 
FRACTIONATING TOWERS 
KNOCK-OUT DRUMS 


EVAPORATORS 
ABSORBERS 
SCRUBBERS 


COMPRESSORS 
SEPARATORS 
STEAM DRUMS 


Get the full facts on METEX Mist Eliminators 


Write for bulletins giving detailed information — including limiting 
velocities, pressure drop, efficiencies, etc. 


Main Office & Plant, Roselle, N. J. Canadian Plant, Hamilton, Ont. 
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Right: Cross-section of Lawrence 
Vertical Top Suction Pump for 
pumping volatile liquids. 


Below: Vertical Top Suction Pump. 


VOLATILE LIQUIDS 


— Under a Low Net Positive Suction Head (NSPH) 
— Under a High Vacuum 
— Without Air or Vapor Binding 


When handling volatile liquids under a very low Net Positive Suction Head— 
from evaporators, for example — a horizontal pump is apt to become vapor-bound. 
Air or vapor binding is impossible if you install the Lawrence Vertical Top Suction 
Pump illustrated above. Extremely high vacuums are maintained by filling the space 
around the packing box with water or some other sealing liquid. The costly delays 
and shutdowns resulting from vapor binding and loss of vacuum are completely 
eliminated. 

Lawrence Vertical Top Suction Pumps can be furnished 
in special resistant metals and alloys to handle the most 
corrosive and abrasive acids and chemicals. 


Send for Bulletin 203-4 for com- 
plete summary of acid and 
chemical pump date. 


LAWRENCE 
MACHINE & PUMP CORPORATION 
375 MARKET STREET, LAWRENCE, MASS. 
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| ported that John J. McKetta, Jr., edi- 
| torial director of Petroleum Refinery, 
| won the Technical Paper Award which 
was presented at a dinner following the 
Seventh Annual Technical Session at 
the Rice Hotel in Houston. The paper 
titled “Vapor Liquid Equilibrium Con 
stants in the Methane-Water and 
Ethane-Water Systems,” was coau 
thored by O. L. Culberson of Gulf Re- 
search and Development Co., Hammars- 
| ville, Pa., who did the work while a 
student of Dr. McKetta’s at the Univer- 
sity of Texas. 
| ON. W. Morley has sent word that 
| a dinner meeting of the Ohio Valley 
Section was held at the Cincinnati Engi- 
neering Society headquarters at which 
William R. Taylor, chemical engineer, 
Ohio River Valley Water Sanitation 
Commission, gave an account of the 
progress being made in cleaning up the 
Ohio River. A tentative problem on 
| chemical wastes was presented to the 
| audience for solution. 
| Out in St. Louis on Dec. 16, R. E. 
| Lenz, Monsanto Chemical Co., gave an 
eager audience his impressions of the 
Italian chemical industry gathered from 
| a four-month stay in Italy. Andy Pick- 
| ens reports that Mr. Lenz helped with 
| the start-up of a new chemical plant 
| near Venice. In his talk Mr. Lenz made 
| general observations on the chemical in 
| dustry including some personal experi 
ences while working in plants with 
Italian engineers and workmen. At a 
previous meeting of the St. Louis Sec- 
tion, H. H. Storch, associated with the 
U. S. Bureau of Mines, discussed the 
| potential industrial importance of syn- 
| thetic liquid fuel processes of both fuel 
| and chemicals in a talk titled “Catalytic 
| Aspects of Synthetic Fuels Processes.” 
Emphasis was given to the first hydro 
| genation reaction which turns solid coal 
| into liquid, hydrosplitting and isomer 
ization for the second stage of coal hy 
| drogenation, the Fischer-Tropsch syn- 
thesis and the Oxo synthesis. 
In Chicago the December meeting was 
| held at the Builders’ Club. Neil Blair, 


J. J. McKetta, Jr., South Texas technical paper 


award winner 
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assistant chief engineer of Panellit, Inc.. 
discussed centralized instrumentation in 
the process industries with emphasis on 
the use of graphic instrument panels. At 
Hammond, Ind., the previous month, 
A. M. Holzberg reported more than 
100 people heard Capt. FE. S. 
(U.S.N.R.), 


ogy, 


Pettyjohn 
Institute of Gas Technol 
provide an extensive survey of 
gasification and synthesis-gas produc 
tion processes including all pertinent de- 
velopments both in the U. S. and in 
Germany. He was followed by George 
von Fredendorff who described the tech- 
nical features of the pilot plants built by 
the Institute of Gas Technology. At a 
meeting Harry McCormack, 
technieal editor of Chemical Processing 
spoke on “Chemical Engineering—Yes- 
terday, Today, and Tomorrow.” 

In West Virginia before the Charles 
ton Section, many matters were reported 
and discussed at meetings held in the 
latter months of 1952. An announcement 
was made that an Engineers’ Week was 
being planned for February, 1953. One 
of the speakers was Harold Hoppens, 
director of technical 
Plaskon division of Libbey-Owens-Ford 


previous 


service for the 


Glass Co., Toledo, Ohio, whose talk 
“Fiberglas Laminated Polyester Re- 
sins” covered, according to A. G. 


Draeger, the economics, manufacture and 
applications of this recent development 
in the plastics field. Mr. Hoppens said 
that the stimulus for the development of 
this product was given by the need for 
satisfactory housing materials for armed 
Further 
he remarked that the principal applica- 
tion of interest to the chemical industry 
is that of pipe in 4- to 10-in. diam. 
Petroleum companies are testing this 
product on a purely experimental basis. 
He concluded with the statement that 
the leaders in the field are looking for 
ward to extending the us , of laminated 
polyester resins to the equivalent of 50 
per cent of the present steel applications. 
At another meeting Stanley C. Orr, as 
sistant factory manager of the Elyria, 
Ohio, plant of the Pfaudler Co., in- 
formed his listeners on the effect of the 
major alloying agents on the character- 
istics of stainless steels. 

news from Roland Vorhees oi 
the Charleston Section is the announce 
ment of the presentation of a course in 
Rapid Reading which will begin Jan. 28, 
1953. The course, under the chairman 
ship of W. R. Manning of Carbide and 
Carbon Chemicals Co., will be conducted 
by Prof. G. F. Needham, associate in 
charge of the Reading Laboratory, Car 
negie Institute of Technology. It will 
consist of six alternate 
Wednesday nights, in the main building 
of Morris Harvey College, and the fee 
will be $7.00 for members of the section 
and $8.50 for nonmembers. The section 
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- -Lnnouncement 
of Special Interest lo Constructors, Engineers 
and Purchasers of Process Piping Equipment 


Ray Miller 
Now Carries a Complete Stock of 
STAINLESS 
WELDING FITTINGS 


Types 304, 304 ELC, 316, 347, efc. Schedules 5-10-40-80 and 0.D. Sizes. 
INCLUDING: 
MONEL, NICKEL, ALUMINUM, INCONEL, EVERDUR, CARBON MOLY, CHROME , 


Immediate Delivery 


RAY MILLER Piping Problems 


NEWARK, WN. J. * HOUSTON, TEXAS + SO. CHARLESTON, WEST VIRGINIA 


NICHOLSON MAKES 


Freeze-Proof Steam Traps 
» for every Plant Use 


Because they drain completely when cold, these four types of Nicholson 
steam traps are positively freeze-proof. Can be freely installed out- 
doors. Universaliy recommended for use in lines which need not be in 
continuous use during cold weather, be- 

cause they are freeze-proof and because 

their 2 to 6 times average drainage ca- 

pacity results in minimum heat-up time. The 

non - air - binding feature of 

Nicholson traps also notably 

facilitates heat TYPE A 

transfer in severe 
weather. Types 
for every plant 
use. Size to 

2”; pressures to — BULLETIN 
250 Ibs. TYPE AHV TYPE AU 152 


214 OREGON ST., WILKES-BARRE, PA. 
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has just concluded a course in chemical 
Economics and Finance. 

The Central Virginia Section heard 
Neil Helmess of the engineering service 
department of Du Pont talk on air pol- 
lution. L. E. Poese, commenting on the 
address, said Mr. Helmess estimated that 
industry is spending annually $120,000,- 
000 to correct this problem. 

A feature of the December meeting 
of the Louisville, Ky., Section was a 
plant trip to the Louisville Refining Co. 
The new catalytic cracking unit and the 
graphic instrument panel proved to be 
of particular interest to the members. 

Up in Rochester, N. Y., S. A. Laurich, 
assistant manager of the crystallizer de- 
partment of Struthers Wells, gave an 
address on “Crystallization and Crystal- 
lization Equipment” in which he traced 
the development of equipment for batch 
and continuous operation. J. M. Lind- 
sley who covered the meeting, stated 
that the speaker covered a lot of ground 
as he touched on the many factors that 
affect the production of desired crystals. 

At the Lee Circle Building Auditor 
ium in New Orleans, La., the members 
of that section, on Dec. 2, listened to 
Leslie G. Joyner, director, research la- 
boratory, Godchaux Sugars, Inc., cover 
the general theory of adsorption in an 
address titled “Not So Solid Solids.” 

Out in Oklahoma at the College High 


| Cafeteria in Bartlesville, E. A. Sanford, 


director of research, Pfaudler Co., gave 
a talk at the December meeting on glass- 
lined steel and alloy equipment for proc- 
ess industries. 

Returning ‘to the South again, J. O. 
Boesinger discussed the paper industry 
of the South and its future before the 
Nashville Section in the New Engineer- 
ing Building on Vanderbilt Avenue, 
Dec. 17. His address included some 
facts on the semichemical pulping proc- 
ess. Mr. Boesinger is head of the Ten- 
nessee Chemical Warfare Dept. and di- 
vision manager ot the Mead Paper Corp. 

In Kansas City, Mo., the December 
meeting was on the social side with a 
“ring out the old—bring in the new” 
spirit. Ata previous meeting, according 
to the report of B. E. Olson, members 
heard T. L. Gore, Standard Oil Co., 
discuss the behavior of natural gases 
at low temperatures. 

Wending our way westward—G. S. 
Peterson, corresponding secretary of 
the Southern California Section, informs 
us that sixty-nine members and guests 
were present at the meeting at which 
Thomas E. Myers of the North Amer- 
ican Aviation Co. discussed the role of 
the chemical engineer in rocket propul- 
sion research and described the V-2 
rocket motor. Then Reporter Peter- 
son added another note to his story, 
namely, that the Jan. 20, 1953, meeting 
will feature a new locale—the Mona Lisa 
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Restaurant in Los Angeles, where J. L. 
Greenstein, head of the department of 
astronomy, California Institute of Tech- 
nology, will speak on “Current High- 
lights in the Work and Discoveries of 
Astro-Physicists.” He is a member of 
the staff at Mount Wilson and Palomar 
Observatories. He plans to discuss meth 
ods used and results obtained, according 
to S. G. Sevougian, in determining pres 
ence of various elements and chemical 


compounds in the atmosphere of the 


stars. 
And in San Francisco at a meeting 
late in 1952, sixty-five members and 


guests listened to a discussion on the 
problems of penicillin production by 
T. R. Sandberg, director of manufac- 
turing for Cutter Labs. D. F. Rynning 
reports that, at a later meeting, 
K. S. Pitzer, dean of College of Chem- 
istry, University of ¢ 
the over-all 
power. 


also 


covered 
nuclear 


‘alifornia, 
possibilities of 


In Detroit an end-of-the-year meeting 
featured a talk by C. W. Phillips, metal- 
lurgical engineering department, Uni 
versity of Michigan, on titanium. Ac 
cording to T. J. Carron, reporter of 
the section, the purpose of the talk was 
to clear up certain misconceptions caused 
by recent publicity on that metal. 

And now after these 


many stopovers 


RAISE FILTRATE QUALITY: 
LOWER MAN-HOUR COST. 
with 
ADAMS FILTERS 


we are back in New York reminding 
our readers that F. M. Pyzel, Foster 
Wheeler Co., will address the New York 
Section Jan. 21, 1953, at the Brass Rail 
Restaurant Rickard F. Shaffer, pub 
licity chairman of the section, tells us 
that Mr. Pyzel will talk on ammonia 


synthesis, tracing its development from 
research to the first commercial plant 
of I. G. Farben and will cover the 
growth of other processes and the differ- 
them. 
this section on Dee, 


ences existing between 


Before 16k. O 
technical adviser to the tar 
products division of the Koppers Co., 
spoke on the coal tar industry. 

His talk, according to B. H. Rosen, 
pointed out that the coal tar 
historically started in Britain in 1782 

The American coal-tar industry start 
ed in Baltimore, Md., although the first 
coal tar was distilled in Buffalo in 1857. 

Currently, the industry has 
developed to the point where 750 mil 
lion gallons of tar are processed a vear. 


Rhodes, 


industry 


coal-tar 


Postscript 


Many more items have been received 


since the closing date for this issue 
which necessarily was advanced because 
of the 


seeing 


Christmas holidays. 


your stories next month.—H.R.G 


? 
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tion 


gas and steam tur- 
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operation 
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PROCESSES 
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Sodium Nitrate 


Ammonium Sulfate 


Accessories for fertilizer 
plants 
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~Dynel 


Switching to FEON Dynel cut filter cloth 
costs over 50% on this filter press at the 
Exton, Pa. plant of Foote Mineral Company. 


Hot caustic solutions, used in the production 
of lithium chemicals, had made short work of 
cotton fabrics. These liquids have practically 
no effect on Dynel. 


One of the four FEON synthetics . . . Nylon, 
Orlon, Dynel, or Vinyon-N .. . can save on 
any tough filtration or dust collecting job 
that can be handled by fabrics . . . includ- 
ing yours. Want proof? Just write us today. 


FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 


Chairman of the AI.Ch.E. Program Committee 


Loren P. Scoville, Jefferson Chemical Co., 260 Madison Ave., New York 16, N. Y. 


MEETINGS 

Biloxi, Miss., Buena Vista Hotel, 
Mar. 8-11, 1953. 

Technical Program Chairman: Nor- 
man A. Spector, Vitro Corp., 233 
Broadway, New York 7, N. Y. 

Toronto, Canada, Royal-York Hotel, 
April 26-29, 1953. 

Technical Program Chairman: Bry 
mer Williams, Dept. of Chem. and 
Met. Eng., University of Michi- 
gan, Ann Arbor, Mich. 

San Francisco, Calif.. Fairmont and 
Mark Hopkins Hotels, Sept. 13-16, 
1953. 

Technical Program Chairman: R 
W. Moulton, Head, Dept. of Chem 
Eng., University of Washington, 
Seattle, Wash. 

Annual—St. Louis, Mo., Hotel Jef 
ferson, Dec. 13-16, 1953 

Technical Program Chairman: R. M 
Lawrence, Monsanto Chem. Co 
St. Louis 4, Mo. 

Ann Arbor, Mich., Univ. of Mich., 

Ann Arbor, Mich. June, 1954 

Conference on Nuclear Engineer- 

ing 

echnical Program Chairman: D. L. 

Katz, Chairman, Dept. of Chem 

and Met. Eng., Univ. of Mich.. 

2028 E. Eng. Bldg.. Ann Arbor, 

Mich. 


~ 


SYMPOSIA 

Chemical Engineering in Hydro- 
metallurgy 

Chairman: John D. Sullivan, Battelle 
Memorial Institute, Columbus, 
Ohio. 

Co-Chairman: John Clegg, Battelle 
Memorial Institute, Columbus, 
Ohio. 

Meeting—Biloxi, Miss 

fluid Mechanics 

Chairman: R. W. Moulton, Head, 
Dept. of Chem, Eng., University of 
Washington, Seattle, Wash. 

Meeting—Biloxi, Miss. 

Mineral Engineering Techniques 
for Chemical Engineers 

Chairman: N. Morash, Titanium 
Div., National Lead Co. P. O 
Box 58, South Amboy, N. I. 


Co-Chairmen: T. S. Leary, Calco 
Chem. Div., Bound Brook, N. J., 
and D. W. Oakley, Metal & Ther- 
mit Corp., Carteret, N. J. 

Meeting—Biloxi, Miss. 

Ion Exchange and Adsorption 

Chairman: N. R. Amundson, Dept 
of Chem. Eng., Univ. of Minne- 
sota, Minneapolis 14, Minn 

Meeting—San Francisco, Calif 

Mixing 

Chairman: J. H. Rushton, Dept. of 
Chem. Eng., Illinois Inst. of Tech., 
Chicago, Ill. 

\/eeting—San Francisco, Calif 

Transport Properties 

Chairman: J. L. Franklin, Res. 
Assoc., Humble Oil & Refining 
Company, Baytown, Texas 

Meeting—San Francisco, Calif. 

Distillation 

Chairman: D. FE. Holcomb, Dean of 
Eng., Texas Technological Col- 
lege, Lubbock, Tex. 

Meeting—St. Louis, Mo. 

Dust and Mist Collection 

Chairman: C. E. Lapple, Dept. of 
Chem. Eng., Ohio State Univer- 
sity, Columbus 10, Ohio. 

Meeting—St. Louis, Mo. 

Drying 

Chairman: L. E. Stout, Dept. of 
Chem. Eng., Washington Univer- 
sity, St. Louis 5, Mo. 

Meeting—St. Louis, Mo. 

Use of Computers in Chemical 
Engineering 

Chairman: John R. Bowman, Head, 
Dept. of Res. in Phys. Chem., Mel- 
lon Institute of Industrial Re- 
search, Pittsburgh 13, Pa. 

Meeting—St. Louis, Mo. 


Nuclear Engineering 

Chairman: D. L. Katz, Chairman 
Dept. of Chem. and Met. Eng., 
Univ. of Mich., 2028 E. Eng. Bldg.. 
Ann Arbor, Mich. 

Meeting—Ann Arbor, Mich 

Absorption 

Chairman: R. L. Pigford, Div. of 
Chem. Eng., Univ. of Delaware, 


Newark, Del. 


Authors wishing to present papers at a scheduled meeting of the A.I.Ch.E. should first 
query the Chairman of the A.1.Ch.E. Program Committee, Loren P. Scoville, with a carbon 
copy of the letter to the Technical Program Chairman of the meeting at which the author 
wishes to present the paper. Another carbon should go to the Editor, F. J. Van Antwerpen, 
120 East 4ist Street, New York 17, N. Y. If the paper is suitable for a symposium, a 8 
carbon of the letter should go to the Chairman of the Symposia, instead of the Chairman 
of the Technical Program, since symposia are not scheduled for any meeting until they are 
complete and approved by the national Program Committee. Before authors begin their 
manuscripts they should obtain from the meeting Chairman a copy of the Guide to Authors, 
and a copy of the Guide to Speakers. The first book covers the preparation of manuscripts, 
and the second covers the proper presentation of papers at A.1.Ch.E. meetings. Presenta- 
tions of papers are judged at every meeting and an award is made to the speaker who 
delivers his paper in the best manner. Winners are announced in Chemical Engineeriny 
Progress, and a scroll is presented to the winning author at a meeting of his local 
section. Since five copies of the manuscript must be prepared, one should be sent to 
the Chairman of the symposium and one to the Technical Program Chairman of the 
meeting, or two to the Technical Program Chairman if no symposium is involved and the 
other three copies should be sent to the Editor's office. Manuscripts not received 120 days 
before a meeting cannot be considered. 
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Secretary’s Report 


S. L. TYLER 


The Council of the Institute met on 
Dec. 7 at the Hotel Cleveland, Cleveland, 

Ohio. This was the meeting at which 

all committee chairmen were invited to | 
he present and present their reports or 
discuss any problems with the Council. 
The following committee chairmen 
tended and discussed many matters with 
Council: F. A. Anderson (Chemical 
Engineering Education Projects Com- 
mittee); Z. G. Deutsch 


Guidance): J. C. Elgin (Constitution 
and By-Laws); C. E. Ford (Local Sec- 
tions); G. F. Jenkins (Public Rela- 
tions); HI. G. Donnelly (Professional 
Guidance); O. A. Hougen (Awards) ; 
D. L. Katz (Nuclear Energy); L. C. 


Kemp ( Admissions ) ; W. E. Lobo (Pro- 
gram and Research); W. R. Marshall 
(Equipment Testing Procedures) ; C, C. 
Monrad (Student Chapters), and J. L. 
Olsen (Membership ). 

The Council recorded in the Minutes 
its appreciation to the Committee Chair 
men and Committee personnel for their 
contributions to the work of the Institute 
during the year. 

The Council received the report of the 
Tellers Committee and declared the fol 
lowing elected as officers for 1953: 

President— William T. Nichols 

Vice-President—Chalmer G. Kirkbride 

Treasurer—Carl DeLong 

Secretary—Stephen L. Tyler 


and the following : 


Directors for 1953-1955: William T. 
Dixon, Eger V. Murphree, George G. 
Oberfell and Lee Van Horn. 


Budgets for 1953 for both the Institute 
and “C.E.P.” were presented, discussed 
and approved. 

Appointments of personnel for the 
standing committees for the year 1953 
were made in accordance with recom- 
mendations of committee chairmen who 
were appointed at the November meet- 
ing of the Council. Representatives of 
the Institute in activities in which there 
is participation with other groups were 
ilso appointed. 

The Executive Committee met at the 
Hotel Cleveland on Dec. 7. The Com- 
mittee approved the Minutes of the prev- 
ious meeting on Nov. 14, also bills for 
the month of November. All those whose 
names apepared in the November, 1952, 
issue the 
grades of membership indicated because 
of no adverse comments received from 
the membership. Applicants numbering 

150 were elected to Student Membership. 

Upon recommendation of the Student 
Chapters Committee, H. Gudebski was 


of were elected to 


(Continued on next page) 


Vol. 49, No. 1 


at- | 


(Vocational ! 


Self-aligning 
Bearings. 


Model 119 Heavy Duty 


Write for 


HYDROCARBON 


PANAFLEX 


PLASTICIZERS 


A LOW COST 
PLASTICIZER 


Oil 


fos Compounding 


PAN 


CHEM! 


Chemical Engineering Progress 


c 


ERICAN 
s 


Solution Scale $9 3 


Metric 


Complete Catalog Sheet 


OHAUS SCALE CORPORATION 


1044 COMMERCE AVENUE, UNION, NEW JERSEY 


PROPERTIES 
Low Specific Gravity Dark Viscous Liquid 
Extremely High Boiling 


FoR 

Improved Processing 
Minimum Effect on Cure 
Extending Vulcanizates 


Improved Electrical 
Characteristics 
Better Tear Resistance 


EXCELLENT COMPATIBILITY WITH 


GRS Rubbers— All Types Buna N Type 
Neoprene Rubber Rubbers 


AVAILABILITY 


Basic Producer Tank Car or Drums 
Warehouse Distribution 


PAN AMERI 


122 EAST 


Pan Refining Corp 


42m0 STREET NEW YORK 17. Y¥ 


Page 57 


Ny | 
th 
| 
| 
Ne 
| 
oF ali distribute weer 
i 
———— 
| 


appointed to succeed C. G. Duncombe as 
counselor of the student chapter at the 
University of Detroit, J. O. Maloney to 
succeed S. A. Miller and J. S. Smatko 


AR ij ISAN to succeed F. J. Lockhart at the Univer- 
sity of Southern California. 


Resignations of twenty members 

ENGINEERING AND MANUFACTURING APPROACH 
The name of W. P. Chandler was 
TO YOUR SPECIAL PROCESSING PROBLEMS placed on the Suspense List because of 


his entering the Armed Forces. Reports 
had been received at the Secretary’s 
Office that J. H. Barnard, Jr., R. W. 
© Chemical Engineering DESIGN. Peterson and E. W. Samoden had com- 
A staff of qualified chemical engineers, accustomed to working cooperatively with | — their tour of duty o the Armed 
the engineers and management of process manufacturing companies . . . specially orces and they — therefore returned 
trained men whose recognized achievements have resulted in their being retained to participating membership in the Insti- 


For prompt consideration and reasonable delivery of special chemical-mechanical 
equipment. 


as consultants on many process installations. tute. 
Five elections to Junior membership 
@ Mechanical Engineering DEVELOPMENT. were rescinded because of non-accep- 


A complement of mechanical engineers who pool their specialized abilities in tance on the part of the applicants. 
equipment design to develop in detail the mechanical units required to eco- 
nomically operate your specific chemical process. 


FISHER PRESIDENT 


® Facilities for MANUFACTURING. OF A. C. S., 1954 
; Integrated resources for fabrication, including modern shop equipment for heavy Harry L. Fisher, well-known author- 
: sheet metal forming, specialty welding, and all machinery operations. ity on the chemistry of rubber, has been 

Your call or letter will bring an Artisan engi- elected president of the A. C. S. for 
neer to give you more complete information. 1954. At present special assistant to the 


‘ director of the Office of Synthetic Rub- 
ARTISAN METAL PRODUCTS ENC, | ber, Reconstruction Finance Corpora. 
73 Pond Street, Waltham (Boston 54), Massachusetts | tion, of organic 

PROCESSING research of U. S. Industrial Chemicals, 

EQUIPMENT DESIGNED, DEVELOPED, MANUFACTURED Inc., New York, until his retirement in 
1950. He also has been associated with 
United States Rubber Co. and B. F. 
Goodrich Co. 

In 1949 Dr. Fisher received the 
Charles Goodyear Medal of A. C. S. for 
outstanding achievement in the chemis- 
try of rubber, and he has also received 
other honors, including the Modern Pio- 
neer Award of the National Association 
of Manufacturers and the Fdgar Mar- 
burg Lectureship of the A. S. T. M. 

Born in Kingston, N. Y., Dr. Fisher 
| received his bachelor’s degree from Wil- 
liams College and his doctorate from 
Columbia University in 1912. 


TESTING and SMALL SCALE 
REDUCTION Preccsely controlled 


with AMERICAN 
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CRUSHERS 


For experimental laboratories, 
pilot plants and exacting small 
operations, rugged American 
Laboratory Crushers assure 
controlled, more uniform re- 
duction of both fibrous and 
friable materials—soft or hard. 


TORONTO SYMPOSIUM 
ON COMMUNICATIONS 


A symposium on communications, fea- 
turing a series of papers on writing and 
speaking for the engineer will be a high- , 


Reduce: light of the meeting at Toronto of the 
BY-PRODUCTS A.1.Ch.E. and the Chemical Engineer- 
CHEMICALS 


ing Division of The Chemical Institute 


CLAYS, COLORS of Canada, April 27 to 29, 1953. ‘ 


FOODS, MINERALS 


iol The ever-increasing complexity of 
Sead ni ne eer . Custom-built with rolling ring or hammer chemical engineering has focused atten- 

P type rotors to handle your specific reduc- ho need Moctiv all 
materials for test reduc- ti » with ot possible offic tion on the need tor effective means o 
tions. No obligation. non transmitting ideas. This symposium, 


Send samples to our Laboratory for testing. 


which has been under consideration for 
some time, will present the most ad- 
vanced developments on the subject. 
Also on the topic of communications 
will be the luncheon address on April 
e 1215 Macklind Ave., 27 by C. F. Braun of the C. F. Braun 
Pulucrizers St. Louis 10, Mo. | Co., Alhambra, Calif, 


PULVERIZER COMPANY 
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Peipinators and. 


PEOPLE 


Charles Allen Thomas, president of 

Monsanto Chemical Co. and chairman 

of the board of di- 

rectors of the Am- 

erican Chemical 

Society, has 

chosen to receive 

the highest award 

in’ American 

dustrial chemistry, 

the Perkins Medal 

of the American 

Section of the So- 

ciety of Chemical 

Industry, for 1953. The Perkin Medal 

is bestowed for outstanding achieve- 
ment in applied chemistry. 

Dr. Thomas is honored for outstand- 


been 


ing contributions to many phases of in- 
dustrial chemical development. In 1946 
he was one of the five authors of “A 
Report on the International Control of 
Atomic Energy” prepared for the Secre- 
tary of State’s Committee on Atomic 
Energy. 

In 1947 Dr. 
the Industrial Research 
Medal for outstanding achievement 
in the administration of industrial 
research. A year later he was awarded 
the American Institute of Chemists Gold 
Medal, and in 1952 he received the fifth 
Missouri Honor Award for Distin- 
guished Service in Engineering pre- 
sented by the University of Missouri. 


Thomas awarded 


Institute 


Was 


C. A. Wolbach, Jr., has recently 
joined Singmaster & Breyer, metallur- 
gists and chemical engineers of New 
York. He has had twelve years of chem- 
ical plant experience in engineering and 
development work with particular spe- 
cialization in the filtration and dust- 
collection fields. He received his B.S. 
in chemical engineering from Lehigh 
University in 1940 and was associated 
with the titanium division of the Na- 
tional Lead Co. as research chemist and 
development engineer until 1951. For 
two years during the war he was as- 
signed to the Special Engineer Detach- 
ment at Oak Ridge. More recently he 
was sales engineer for the Equipment 
Development Co. of Montclair, N. J. 


R. NORRIS SHREVE ON 
IMPORTANT MISSION 


R. Norris Shreve, professor of chem- 
ical engineering at Purdue University, 
Lafayette, Ind., has left for Formosa to 
study engineering education at the re- 
quest of the Government and Purdue. 
The University has asked him to head 
up such an investigation and upon his 
return to organize a group of its pro- 
fessors to go to Formosa for two years. 
Chinese instructors will go to Purdue 
for observation and training. 


Vol. 49, No. 1 


Lawrence W. Bass, industrial re 
search executive, has recently become 
associated with Ar- 
thur D. Little, Inc. 
where he will 
primarily concerned 
with the increasing 
client demand on 
the company staff 
for consultation on 
the effective organ- 
ization and man- 
agement of re- 
search activities. 

Prior to his association with Ar 
thur D. Little, Inc. Dr. Bass had most 
recently been vice-president in charge 
of research for U. S. Industrial Chemi 
cals Co., where he had responsibility for 
all research and development work on 
chemicals, and synthetic 
resins. As director of the New England 
Industrial Research Foundation Dr. 
Sass acted in an advisory capacity tor 


be 


insecticides, 


numerous companies and trade groups, 
and from 1944 to 1948 he served as di 
rector of chemical for Air 


Reduction Co. 


research 


PERSONNEL CHANGES 
AT CHEROKEE PLANT 


New personnel assignments have been 
made at the Cherokee plant of Merck & 
Co., Inc. at Danville, Pa. W. E. Kep- 
pler assumed the position of Chero 
kee production control manager Jan. 1. 
This new position will include the super- 
vision of the factory stock and produc 
tion warehouse. Frank Skrek is now 
technical assistant to the superintendent 
of manufacturing. E. R. Boulden has 
been appointed head of the f 
which is producing a chemical product 
for government use at Cherokee 


C. William Hardell, formerly gen 
eral superintendent of Sinclair Rubber, 
Inc., has been ap- 
pointed vice-presi- 
dent and manager 
of manufacturing 
for Sinclair Chemi- 
cals, Inc. Both com- 
panies are subsid- 
iaries of Sinclair 
Oil Corp. A gradu- 
ate of the Univer- 
sity of Wisconsin, 
he joined the Sin- 
clair organization 
in 1934. He was 
process superintendent for Sinclair Rub 
ber, Inc., from 1942 to 1948, assistant 
superintendent of Sinclair’s refinery at 
Wellsville, N. Y., until 1950, when he 
became general superintendent of Sin- 
clair Rubber, Inc. 


factory 


Copyright : 


Jean Raeburn, N. ¥ 
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Resin-Bonded Fiberglas. 


DUCT-WORK 


LIGHT, easy to erect 
STRONG, needs less support 


RESISTANT to many corros- 
ive fumes 


ECONOMICAL, made in 
stock units 


VERSATILE, may be custom- 
molded 


AVAILABLE, from new 
larger plant 


ACCEPTED by the chemical 
industry 


PROVED in actual service 


Check up on PLA-TANK for new 
duct jobs now on your drawing- 
boards - - or for replacements 
of existing systems. 


Write for free data sheet file 


THE Clemioal | 


CORPORATION 


73 Welthom Ave.. Springfield 9, Mess. 


PLA - 
| 
| 
| 
= 
| 
‘ 
| 
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HIGH PRESSURE OIL 
from. 
LOW PRESSURE AIR 


Ledeen Heavy Duty Pumps and Power 
Units are built for eperation of clamps, 
valve actuators, forming or drawing 
presses, safety installations, high pres- 
sure testing and other hydraulic cir- 
cuits requiring adjustable pressure and 
volume and long pressure-holding 
cycles, without overheating the oil. 
Built as a complete package power 
unit, ready for easy installation, re- 
quiring connections only to incoming 
air line and outgoing hydraulic lines. 
Available in horizontal construction for 
minimum head room, and vertical con- 
struction for minimum floor space. Sim- 
ple to install. Inexpensive to operate. 


Write for Bulletin 4000 


VALVES © CYLINDERS 
AIR-HYDRAULIC PUMPS & BOOSTERS 
VALVE ACTUATORS © AIR HOISTS 


1602 So. San Pedro 
losAngeles15, Calif. 


Harry W. Haines, Jr., has recent- 
| ly joined Vulcan Engineering Division, 
Vulcan Copper & 
Supply Co. Mr. 
Haines, a develop 
ment engineer with 
Vulcan, was _ for- 
merly a Fellow 
of the Mellon In 
stitute of Indus 
trial Research, 
Pittsburgh, Pa. 
holding a multiple 
fellowship sustained 
by the Texas Gulf Sulphur Co. Haines 
is a graduate of the University of Il- 
linois and holds a Master’s degree in 
chemical engineering from the Univer- 

sity of Pittsburgh. 


George Armistead, Jr., consulting 
chemical engineer of Washington, has 
recently ap- 
pointed member of 
the Board of Regis- 
tration for Profes- 
sional Engineers. 
He has long been 
associated with de 
velopments in oil 
refining and new 
chemical projects 
throughout the 
United States and 
Canada. Armistead’s appointment by 
the Commissioners of the District of 
Columbia is for five years and he will 


been 


| serve as the chemical engineering repre 


sentative on the Board of Registration, 
as provided by law. He is head of the 
consulting firm of Armistead 
& Co. 


George 


Donald F. Othmer, a leading inter- 
national consultant on chemical indus- 
tries, who is head of the department of 
chemical engineering at the Polytechnic 
Institute of Brooklyn, is now in Burma 
at the request of the Burmese Govern- 
ment. He is there to take part in the 
Burma Technical and Economic Survey 
now in progress in cooperation with the 
United States Government. This will 
be Dr. Othmer’s third world-circling 
trip in the last eighteen months to con- 
fer with officials and industrialists of 
many countries on the development of 
their chemical industries. After his 
study of Burmese industries, Dr. Oth- 
mer will prepare a report complete with 
recommendations on how methods and 
techniques can be improved 


Noel R. Maleady, General Electric 
Co., Pittsfield, has been appointed super- 
visor of materials and processes in the 
transformer plant being constructed at 
Rome, Ga. Maleady went to the trans- 
former and allied products laboratory at 
Pittsfield in 1941. Subsequently he 
was made supervising engineer of chemi- 
cal engineering in the process engi- 
neering section. 
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CATTERSON ADVANCED BY 
INTERNAT. MINERALS 


The appointment of F. H. Catterson 
to the newly created position of assist- 
ant general production manager of the 
Amino products division of Interna- 
tional Minerals & Chemical Corp., Chi- 
cago, Ill., was recently announced. In 
this new position, Catterson will be re- 
sponsible for the general supervision of 
the acquisition of raw materials and 
supplies for the division's plant at Ross- 
ford, Ohio, for labor relations in both 
the Rossford and San Jose plants, and 
for the development of sources of such 
new raw materials as may be required 
for the division’s operations. Catterson 
had been resident production manager 
of the San Jose plant since 1947. He 
joined the Amino products division in 
1945 as project manager during the de- 
sign and construction of the San Jose 
plant. He graduated from the 
University of Colorado with a B.S. 
degree in chemical engineering. 


Was 


PUBLIC SERVICE AWARD 
GOES TO C. L. PARSONS 


For his many contributions to na- 
tional welfare and security during his 


career as chief 


chemist of the U.S. 


Bureau of Mines 
and, from 1907 to 
1945, as secretary 
ef the A.C.5., 
Charles Lathrop 
Parsons received 
the A.C.S.’s first 
award for public 
service. Two hun- 


dred leaders of the 
chemical profession and industry from 
all parts of the country paid tribute 
to Dr. Parsons, now 8&5, at a dinner 
in the Hotel Washington, Washington, 
D. C., on Dec. 8 when the award was 
presented. 

Dr. Parsons’ research on the atomic 
weight of beryllium won for him the 
William H. Nichols Medal of the 
A.C.S.’s New York Section in 1905, and 
in 1932 he received the society’s Priest- 
ley Medal for his “distinguished service” 
to the science. After a lengthy period 
as teacher and professor at the Univer- 
sity of New Hampshire, Dr. Parsons 
went to Washington in 1911 as chief 
of the Bureau of Mines division of Min- 
eral Technology. He was the bureau's 
chief chemist from 1916 to 1919. 


Thomas H. Chilton, 1951 President 
of A.I.Ch.E. and vice-president of En- 
gineers Joint Council, represented the 
Council at the ceremony transferring 
the Declaration of Independence and 
Constitution to the Archives Building, 
Washington, D. C., on Dec. 15. 
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Max E. Bretschger, formerly vice- 
president of Buffalo Electro-Chemical 
Co., Inc., has been 
elected president of 
the company with 
which he has been 
affiliated since 1926. 
Prior to his joining 


the Buffalo outfit 
he was plant man 
ager, Elfa, Elek 
trochemische Fab 
rik, Aarau, Swit- 
zerland, manufac- 


turers of electrolytic hydrogen peroxide 
He began his professional career with 
L. Chiozza & Co., Cervignano, Austria, 
in 1910; in 1912 he was with Ehrick & 
Graetz, Berlin, Germany ; and then went 
to Chemische Fabrik Griesheim-Elek 
tron, Frankfort-on-Main, Germany, in 
1915 as a chemist in charge of manu 
facturing of chlorate of potassium, caus 
tic potash, chlorine, chloride of lime and 
liquefaction of chlorine. Dr. Bret 
schger holds a Ph.D. degree from the 
University of Zurich, Switzerland, and 
considered authority on the 
electrolytic manufacture of peroxide 
of hydrogen. Frederick A. Gilbert, 
formerly manager of the company at 
the Vancouver, Wash., plant, has been 
elected vice-president. He will make his 
buffalo. 


1s 


headquarters in 


RECOVER SOLIDS 


In firm, reasonably dry cakes easy 
to remove, handle and process. 


CLARIFY PERFECTLY 


Crystal clear, even decolorize, de- 
odorize and germproof, employ- 
ing any required filter aids. 


WASH OR EXTRACT 


To recover or remove soluble 


contents from filter cake. Also 
steam, melt or redissolve cake. 


Only a Filter Press Does 
o Many Jobs So Well 


Learn how Shriver Filter Presses—the most versatile in design, capacity and 


Joseph Stewart, a research chemist 
in the Esso Laboratories of the Stand- 
ard Oil Development Co, guest 
speaker at a recent meeting of the 
Philadelphia Section of the American 
Chemical Society. Mr. Stewart joined 
the Esso Laboratories in 1945 after at- 
tending Long Island University and 
Purdue University, from which he re- 
ceived his M.S. in organic chemistry. 


was 


Francis W. Winn has been appointed 
assistant chief process engineer for the 
Catalytic Construc 
tion Co., Philadel 
phia, Pa. His duties 
will encompass the 
three broad fields 
of petroleum, atom 
ic and 
chemical projects. 
responsibili 
ties include research 
and 
process design and 
theoretical correlations. Mr. Winn was 
formerly with the Socony-Vacuum Oil 
Co. in the research and development de 
partment where he specialized for five 


energy, 


development, 


years on process design and economic 
studies of refinery equipment, and de 
veloped an exact computation procedure 
for multicomponent fractionation. 


(More News About People on page 63) 


UNDER ANY CONDITIONS 


‘Of filtration pressure—even up to 1000 
p-s.i.—at high or low temperature—on 
any material, even if heavy. thick, vis- 
cous, corrosive or abrasive. 


application —the most extensively used of all pressure filters—can do the job 
better for you at lower cost. Get Catalog 52. 


GRINDING MILLS 


Shriver Filter Presses 


for every application 


HARDINGE CONICAL MILLS 


TUBE MILLS 


HARDINGE ROD MILLS 
— 


BATCH MILLS 


MILLS 
177-440.40, 


CYLINDRICAL 
Bulletin 


Write 


HARDINGE 


for 


COMPANY. 


YORK, PENNSYLVANIA — 240 Arch St. Moin Office ond Works 
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CHEMICAL ENGINEER—Ability to translate 
technical data into practical business and 
operating information. Involves expediting 
research for converting residue 
products into fertilizers, building materials 
and chemicals. Headquarters San Fran- 
cisco. Salary adjusted for minimum one- 
year contract. Box 9-1. 


CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in 
advance, and are placed at |5c a word, with a minimum of four lines accepted. Box number 
counts as two words. Advertisements average about six words a line. Members of the 
American Institute of Chemical Engineers in good standing are allowed one six-line insertion 
(about 36 words) free of charge r year. More than one insertion to members will be 
made at half rates. In using the Classified Section of Chemical Engineering Progress it is 
agreed by prospective employers and employees that all communications will be acknowl- 
edged, and the service is made available on that condition. Boxed advertisements are available 
at $15 per inch. Size of type may be specified by advertiser. In answering advertisements al! 
box numbers should be addressed care of Chemical Engineering Progress, Classified Section, 
120 East 41st Street, New York 17, N. Y. Telephone ORegon 9-1560. Advertisements for this 


section should be in the editorial offices the 15th of the month preceding the issue in which 
it is to appear. 


SITUATIONS WANTED 


A.1.Ch.E. Members 
CHEMICAL ENGINEER — MChE. Eight 


years’ experience in process development, 
trouble shooting, and design and start-up 
of chemical plants. Publications, patent. 


Desire position requiring initiative with 
growing consulting or chemical company. 

Prefer lest Coast or metropolitan area. . 
Box 4-1. 


CHEMICAL ENGINEER-—B.S.Ch.E., 1942. 
Experience includes process and mechanical 
design of ammonia synthesis, nitric acid 

and ammonium nitrate units. Complete 

COST ENGINEER—Chemical or mechanical 


project responsibility, expansion planning, 
engineer with two to three years’ expe- 
EXCELLENT OPPORTUNITY 


estimates and reports. Best references. Box 
rience in process engineering and expe- 5-1. 
ENGINEERS 


SITUATIONS OPEN 


rience or interest in cost estimating to 
make process and product cost estimates 


CHEMICAL ENGINEER Chemical En- 


on proposed research projects. Midwest gineering 1950. Age 26, family. One year 
location. Send replies to Box 2 graduate work as graduate assistant. 
Chemical Mechanical Presently serving with Army Chemical 


Corps as project engineer. Desire position 
in development or technical service. Box 


TECHNICAL LIBRARIAN — Engineer with Electrical 
library experience or librarian with tech- f 
nical library experience to run established or 


research library responsible for periodicals, Sales EXECUTIVE SALES —Eapetenesd te 
books, laboratory notebooks and permanent Esti ant 
filing. Midwest location. Send replies to timating in B $.Ch 1940. 

Box 3-1. Design For active creative representation outline 


your opening in confidence to Box I1-1. 


CHEMICAL ENGINEER—-B.S. 1936. Married, 
Fast Growing family. Thirteen years pilot plant research 

Medium Size Co. and development, industrial fermentations 
and cost analysis. Good working knowledge 
of electronics, electricity, and instruments. 
Present salary $6500. Box 12 

CHEMICAL ENGINEER— Ph.D. 195!. Awe 27, 
married, veteran. Experience in technical 

development and technical administration 

fields of atomic energy. Extensive knowl 


P. oO. Box 538 edge of unit operations 


Process Development 


SALES ENGINEER 


Wanted by Process Equipment Manu- 
facturer in western New York. Chemical 
or Mechanical Engineering background 
necessary. Experience desirable but 
not required, Opportunity with well 
established, growing concern. Send 
résumé to Box |-! 


Major Chemical Process 
Equipment 
Air Products, Inc. 


(especially dif- 
fusional processes), mathematics, and 
Allentown, Penna. thermodynamics. Desire new and challeng- 


ing position in research and development 
or technical administration. Box 


CHEMICAL ENGINEER 34, family, P.E. Six 
years’ experience in development, manu- 
facture, application of electrical insulation. 
Extensive background resin plant engineer- 
ing, automatic control applications. Present 
salary $9,200. Desire position in New 
York City area. Box 14-1 


SENIOR 
CHEMICAL ENGINEER 


Experienced graduate chemical engi 
neer required for large research and 
development organization in Northern 


DEVELOPMENT ENGINEERS 


Chemical Engineers with strong theo- 


Rhodesia. Duties relate to process 
metallurgy of copper, cobalt, lead, zinc 
and other base metals. Applicant must 
have minimum five years’ industrial 
experience. Total remuneration ap- 
proximately £2,400 per annum com- 
rising basic salary, variable metal 
onus, and cost of living allowance. 
Generous pension and leave privileges. 
Applications stating age, marital status, 
qualifications, experience record, avail- 
ability, and accompanied by a recent 
hotograph should be addressed to 
he Secretary, P. O. Box 172, Kitwe, 
Northern Rhodesia. 


retical background required for applied 
research and process development. 
Preference given to men with post- 
graduate degree and up to five years’ 
process development experience. 


Modern plant with excellent facilities 
and working conditions, located in 
Eastern Ontario, Canada. 


Personal history including education 
and experience requested in first letter. 
Address inquiries to Box 7-1. 


RESEARCH AND 
DEVELOPMENT 


Established medium-size company, one 
of leaders in its field, has opening 
for recent or prospective chemical en- 
gineering graduate in expanding de- 
velopment program. Location upstate 
New York. Excellent working con- 
ditions. Liberal company benefits. 
Assistance in obtaining housing. Please 
give details of education and expe- 
rience and salary requirements. Box 
6-1. 


CHEMICAL ENGINEER 


Chemical machinery manufacturer 
leading in its field has openings in 
sales organization for two chemical en- 
gineers. 


Long established in mixing and cen- 
trifugal fields. New fields of interest 
pending. 


PERMANENT SALARIED POSITIONS 
WITH A FUTURE 


Please include full details and photo. 
All replies held strictly confidential. 


Box 8-1 


CHEMICAL ENGINEER BACHELORS—-Four 
years’ experience including some high- 
pressure synthesis wants production job 
with possibilities. 27 years old. Junior mem- 
ber A.LCh.E. South or Southwest location 
preferred. Salary secondary if the job's 
right. Box 15-1. 

B.S.Ch.E.—-1942. years’ petroleum re- 
finery experience: lubricants processing and 
research; plant operations on alkylation, 
isomerization, and miscellaneous’ units. 
Five years’ pilot plant supervision. Mar- 
ried. 31 ‘ill consider sales, technical 
writing, anything with future based on 
work output. Box 16-1. 

ENGINEERING MANAGER AVAILABLE — 
Chemical engineer with background in 
complete plant design and preparation and 
analysis of budgets for existing and pro- 
posed industrial installations. Bulk of 
previous experience in detergent, pharma- 
ceutical, and organic chemicals fields. 
Metropolitan N. Y. preferred. Box 17-1 

CHEMICAL ENGINEER PhD. PE. Age 
under 40. Thirteen years’ diversified ex- 
perience in fine chemicals, pharmaceuticals, 
plastics. and foods in teaching, productive 
supervision, research an technical ad- 
ministration. Desire responsible position 
in Eastern US.A. Available immediately. 
Box 18-1. 


CHEMICAL ENGINEER 33. BChE. Ten 
years’ extensive refinery experience in 
process design and development, operations 
and economic evaluations with major oil 
company. Family. Desire position of re- 
sponsibility with aggressive and expanding 
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CHEMICAL ENGINEER--M.S. 1947. Age 28, 
married. Five years’ experience in petro 
chemicals and resins inc luding process de 
sign, process development, and production 
Desire position with future in oil or chemi 
— industry. Present salary $6500. Box 
0-1 


CHEMICAL ENGINEER. B.ChE. 1950. Two 
years’ experience process development with 
Army and small production. Presently em- 
ployed with pharmaceutical research and 
development laboratory. Wish position in 
process development. New York City area. 
Box 21-1. 


CHEMICAL ENGINEER—-MS. in ChE. Well 
qualified for process engineering or pro- 
duction supervision Excellent experience 
in petrochemical research, production, and 

rocess development. Top scholastic record. 
oo ambition is administration. Box 


CHEMICAL ENGINEER—BChE Age 27, 
single. Six years research, process de- 
velopment, design, pilot plant, pharma 
ceuticals, lacquers, synthetics, explosives, 
atomic energy. Excellent background for 
production, development or sales. Person- 
able, friendly and cooperative. Any loca- 
tion with firm offering genuine opportunity. 
Box 23-1. 


CHEMICAL ENGINEER BChE. 1944. 
Family. Nine years’ total experience in 
petroleum economics and process develop 
ment, and some sales service engineering 
for chemical equipment manutactures. 
Prefer administrative type employment in 
small company. Box 24-1 


INDIAN CHEMICAL ENGINEER-—Age 29. 
Ten years’ chemical control, erection ex 
perience in oil hydrogenation and allied 
plants Desire employment opportunity 
with American oil processors, to expand 
knowledge Please correspond O. P. 
Narula, Narula Lodge, Modinagar (India) 


Nonmembers 
CHEMICAL ENGINEER B.Ch.E 1942 
Graduate training in thermo, kinetics, and 
languages. Veteran, 31, family. 7') years’ 
diversihed experience research and develop 


ment, coal tar, fluidization, extractive 
metallurgy, foreign consulting and sales 
Present salary $6000. Box 25-1. 

CHEMICAL ENGINEER 3-time veteran, 
family, 25. Six months experience as re 
finery chemist. Desire engineering position 
eventually leading to design wor Box 
26-1 
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PEOPLE 


(Continued from page 61) 


Dominic J. Oriolo has been added to | 
the process engineering staff of the 
Catalytic Construc 
tion Co., Philadel 
phia, Pa. His posi- | 
tion will be that of | 
project director of 
one of Catalytic’s 
major operations. 


where he spent five | 
years as a plant de- 
velopment engineer dealing with design, 
operation and technical service of chemi- 
cal plants. 


Mr. Oriolo went 

. 
to Catalytic from | 
Rohm & Haas 


R. A. Lindsay has been appointed | 


heavy industries section manager of 
technical service and development of 
The Dow Chemical Co., Midland, Mich. 
He went to this post from his former 
position as section head of chemical en- 
gineering products, organic chemical 
sales. Lindsay, who took his M.S. de 
gree in chemical engineering at the Uni- 
versity of Michigan in 1940, joined 
Dow’s consulting engineering division in 
1941, engaging in process engineering 
design and operation. 


James R. Britt, formerly with Arkan 
sas Fuel Oil Co., Shreveport, La., re- 
cently joined Delta 
Engineering Corp., 
Houston, Tex., to 
assume manage 
ment of its con 
struction division. 
In his new capacity 
he is responsible for 
the construction op- 
erations of an en- 
gineering contrac- 
tor engaged in pe- 
troleum, petrochemicals and natural gas 
facilities. Mr. Britt entered the oil and 
gas field as a plant engineer for the 
Cities Service organization in 1936 after 
receiving his degree in chemical engi 
neering from Louisiana State Univer 
sity. He remained with the Cities Serv 
ice group finally serving as super 
intendent of the natural gasoline divi- 
sion of Arkansas Fuel Oil Co. 


Charles F. Bonilla has been elected 
chairman of the Middle Atlantic Section 
of the American Society for ngineer 
ing Education for 1953. Dr. Bonilla has 
been professor of chemical engineering 
at Columbia University since 1948. He 
was previously at The Johns Hopkins 
University, where he headed the chem- 


ical engineering department from 1943 | 


to 1949. 
(More News About People, and 
Necrology on page 64) 
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Remote 


Recorder 
prints exact 
Write for weight 
free on tape 
Ametron or 
brochure tickets 
P-2 


REDUCE INSTALLATION COSTS! Entire as 
sembly ready to attach to crane or hoist 
Only a cable connection is run from Baldwin 
Load Cell to REMOTE RECORDER. 

REDUCE OPERATING COSTS! Great savings 
in time and man power possible because 
weighing and transporting operations are 
combined. Easily removed from crane. 
REDUCE MAINTENANCE COSTS: Sturdy 
load cell can be easily 
replaced or inter- 


changed. 


TER-AMET COMPAN 


wooo avinu 


Pe Allentown Pe 


RESEARCH 
ENGINEER 


To assume responsible charge 
of a program investigating the 
problem of combustion sta- 
bility as applied to large scale 
liquid rocket vehicles. Back- 
ground in fluid mechanics, vi- 
bration and combustion essen- 
tial. Working knowledge of 
instrumentation and_ servo- 
mechanics desirable. Minimum 
training of M.S. in M.E. or 
Ch.E. required. Apply giving 
details pertaining to academic 
background and work expe- 
rience to: 


CALIFORNIA INSTITUTE 
OF TECHNOLOGY 
Jet Propulsion Laboratory 


4800 Oak Grove Drive 
Pasadena 3, California 


| | 
BIRESEARCH | | 
IS 
/ 
| 
4 4 | 
Join, | | 
MARCH 
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PLATE FABRICATION 


CHROME IRON ALLOYS 
CARBON STEEL 
CHROME NICKEL 
SILICON BRONZES 
MONEL e ALUMINUM 
NICKEL CLAD STEEL e ETC. 


lowers, Pressure Vessels and General 
Plate Fabrication manutactured with 
trained personnel aad up-to-date 
equipment. Our Engineers will assist 
in designing to meet your require 
ments 


Good Design — Right Material — 
Expert Workmanship at a Fair Price. 
HEAT EXCHANGERS A SPECIALTY 


Fabricators and Designers for More 
Than 30 Years 


Write us, today, for helpful literature 


DOWNINGTOWN IRON WORKS, INC. 
DOWNINGTOWN, PA. 


STEEL © ALLOY PLATE FABRICATION 


EAT EXCHANGERS 


Division of Pressed Steel Tank Co., 
Milwaukee, Wis. 


DIFFERENTIAL 
PRESSURE 
CONTROL 


FOR HIGH PRESSURES 


Mercoid Type BB Differential Pres- 
sure Controls open or close a switch 
contact according to a change in the 
difference between two pressures. 


Type BB employs two Bourdon tubes, 
each responsive to a pressure con- 
dition to operate a Mercoid Magnet 
operated mercury switch as the dif- 
ference in pressure between them in- 
creases or decreases. Available in 
ranges 60 p.s.i. to 2,500 p.s.i. 


Electrical Capacity—A. C. 115V., 
5Amp., 230V., 2Amp., D. C. 115V., 
2.5Amp., 230V., 1Amp. 


WRITE FOR BULLETIN CA-6DP 


THE MERCOID CORPORATION 


CHICAGO ILL 


1205 BELMONT AVE “USA 


Herschel H. Cudd has been appoint- 
ed acting director of Georgia Tech's 


State Engineering 
Experiment Sta 
tion. Dr. Cudd, 


who has served as 
head of the Sta- 
tion’s chemical sci- 
ences division since 
1950, has a_back- 


ground of indus- 
trial research ex 


perience, including 
employment with 
Du Pont’s rayon technical division, In- 
ternational Minerals and Chemicals 
Corp., and West Point Manufacturing 
| Co. Prior to joining the Station's staff, 
Dr. Cudd was director of West Point's 
Lantuck division. He received his B.S. 
in chemistry from Texas A. & I. in 
1933 and his Ph.D. in physical chemis 
try from the University of Texas in 
1941]. 


Walter S. Kaghan was appointed 
a group leader in the research and de- 
velopment department of Olin cellophane 
division, Olin Industries, Ine. Dr. 
Kaghan went to Olin from Rose Poly 
technic Institute where he was assistant 
professor of chemical engineering. He is 
the former director of the Resinous Re- 
search Associates. Previously he was a 
process engineer for the Kellex Corp., a 
chemical engineer for the electro-chem- 
ical department of Du Pont Co., and a 
research engineer for the St. Regis Paper 
Co. He received his B.Ch.E. degree at 
City College of New York, N.Ch.E. 
from New York University and his 
Ph.D. chemical 
Purdue University. 


engineering from 


Jay B. Mitchelson is now superin- 

tendent of chemical operations with the 
| Goodyear Atomic 
Corp., which will 
| & operate the govern- 
ment’s Uranium 
235 plant, now un- 
der construction in 
southern Ohio. He 
was as- 


| 


formerly 
sistant manager of 
Goodyear Tire & 
Rubber Co.’s chem 


ical engineering di- 
vision at Akron. A graduate of Otter- 
bein College and Ohio State University, 
Mitchelson started to work at Goodyear 
in 1937 and following a training period 
was assigned to the research labora- 
tories on synthetic rubber. Subsequently 
he moved into the pilot plant, becom- 
ing senior chemical engineer, section 
head, and assistant manager of the 
chemical engineering division, the posi- 
tion he held until he was assigned the 
aforementioned supervisory duty with 


Goodyear Atomic Corp. 
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Charles H. Riesz has joined the staff 
of Armour Research Foundation of Illi- 
nois Institue of Technology in Chicago. 
He is heading project research in the 
area of catalysis, for industrial appli 
cations. Dr. Riesz went to the Founda- 
from the Institute of Tech- 
nology, where he had investigated num 
erous Catalysis applications to the utility 
gas since his appointment in 1941. He 
was in charge of the laboratory and 
bench-scale, and later the pilot-plant, 
development of catalytic gasification of 
higher hydrocarbons, including the cata 
lytic reforming of natural gas 


tion Gas 


Previous 
industrial affiliations were with Univer- 
sal Oil Products Co., Gulf Research and 
Development Co., Sinclair Refining Co., 
and Eastman Kodak Co 


J. M. Geist has been appointed to 
the department of chemical engineering 
at the “Technion” Hebrew Institute of 
Technology, Haifa, Israel. It was prev- 
iously stated in “C.E.P.” that Dr. Geist 
had been appointed to the department of 
chemical engineering at the American 
Technion Society, New York. The 
American Technion Society serves as the 
American for the Institute 
Israel. 


sponsor n 


R. W. Schramm of Spencer Chemical 
Co, has heen transferred to New York 
as staff specialist in the development 
department. He a graduate of the 
University of Notre Dame in 1944 with 
a B.S. degree in chemical engineering, 
and in 1949 received an M.S. degree in 
business administration at Indiana Uni 
versity. Before attending Indiana, Mr 
Schramm worked four vears as a chemi- 
cal engnieer with the Carbide and Car 
bon Chemicals Corp. in Whiting, Ind 
He went to the general offices of Spencer 
in Kansas City in January, 1949, and 
has been manager of market research 
for Spencer since April, 1951. 


Is 


Necrology 


Chemical Engineering Progress has 
recently received news of the deaths of 
the following: 

J. Strother Miller, consultant, as- 
phalt technology, Rahway, N. J. He was 
at one time associated with the Barber 
Co., Inc., Barber, N. J. 

William B. Shanley, West Coast rep- 
resentative of Universal Oil Products 
Co. He was a graduate of Notre Dame 
and had been with Universal Oil Prod 
ucts for more than twenty-two years. 

Robert E. Drummond, engineering 
supervisor in the central research de 


partment of Minnesota Mining & 


Manufacturing Co. Mr. Drummond was 
graduated from the University of Min- 
nesota and was employed by the Sher- 
win-W illiams 
1946-47. 
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Adams Co., Inc., R. P. . 
Aldrich Pump Co. 


American Pulverizer Co. 


Boker Perkins, Inc. ... 
Binks Manufacturing Co. 


Catalytic Construction Co. 


Chemical Corporation . 


Corning Glass Works . 


Crane Company .. 


Croll-Reynolds Co., Inc. 


D 


Dow Chemical Co. ... 
Downingtown Iron Works 


Duraloy Co. . 


Eimco Corporation 


F 


Filtration Engineers, Inc. 
Fischer & Porter Co. 
Fluor Corp., Ltd 


G 


Girdler Corp. 


sion 


Gump Company, B. F. 


Hardinge Co., Inc. . 


Hilliard Corporation . 
Hills-McCanna Co. 
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CROLL-REYNOLDS CO., INC. 


Main Office: 751 Central Avenue, Westfield, New Jersey 


C-R EVACTORS 


MEET CORROSION PROBLEMS 


The chemical industries are employing more and 
more Croll-Reynolds Evactors in vacuum proc- 
esses where corrosion resistance is a major con- 
sideration. These steam jet vacuum units provide 
pressures ranging from a few inches to a few 
microns. Croll-Reynolds is a pioneer in the use 
of new construction materials and our engineers 
are investigating corrosion problems continually. 


Stainless steels, Monel metal, Beryllium copper, 
Ni-Resist, PMG metal, hard lead, special bronzes, 
Hastelloy, and Illium are but a few of the special 
metals which find their way into our equipment. 
Carbon is used extensively as a lining material, 
and many plastics including Teflon and synthetic 
materials are used for making complete Evactors. 


Consult our engineers for high vacuum equip- 
ment carefully designed for your specific condi- 
tions, and constructed of materials selected for 
your particular conditions. 


New York Office: 17 John Street, New York 38, N. Y. 


CHILL-VACTORS STEAM JET EVACTORS CONDENSING EQUIPMENT 
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here was no time to stop, see? 
She comes running out from 
behind this parked ear right 


under my wheels, Her hair is in pig- 
tails, and with the sun shining on it, 
she might have been my kid. We got 
her to the hospital. It took 3 pints 
of blood to bring her around. All I 
have to do is remember the sound of 
those screaming tires—and I know 


why I'm giving blood.” 

Yes, all kinds of people give blood 
—truck drivers, office workers, sales- 
men, And—for all kinds of reasons. 
But whatever your reason, this you 
can be sure of: Whether your blood 
goes to a local hospital, a combat 
area or for Civil Defense needs—this 
priceless, painless gift will some day 
save an American life! 


CALL YOUR RED CROSS TODAY! 


NATIONAL BLOOD PROGRAM 


Business Executives! 


Y Check These Questions! 


If you can answer “yes” to most 
of them, you—and your com- 
yany—are doing a needed job 
for the National Blood Program. 


Have you given your em- 
aye time off to make 
sjlood donations? 


Has your company given 
any recognition to donors? 


Do you have a Blood Do- 
nor Honor Roll in your 
company ? 


Have you arranged to have 
a Bloodmobile make regu- 
lar visits? 


Has your management en- 
dorsed the local Blood 
Donor Program? 


Have you informed your 
employees of your com- 
pany’s plan of co-opera- 
tion? 


Was this information 
given through Plant Bul- 
letin or House Magazine? 


Have you conducted a 
Donor Pledge Campaign 
in your company ? 


Have you set up a list of 
volunteers so that effi- 
cient plans can be made 
for scheduling donors? 


[| 
LJ 


Remember, as long as a single 
»int of blood may mean the dif- 
ot between life and death 
fo: any American . . the need 
for blood is urgent! 


Give Blood 
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It happened at 

O-CEL-O,  Inc., 

Buffalo, N.Y., man- 

ufacturers of cellu- 
lose sponges, when the com- 
pany installed a Milton Roy 
“aiROYmetric” Pump for a key 
production process. 


The operation consisted of pump- 
ing a measured amount of glue 
into each sponge so that a plastic 
handle could be attached. The 
pumping process replaced manu- 
ally operated equipment. 


With use of the Milton Roy 
“aiROY metric” Pump and other 
associated equipment, O-CEL-O 
was able to produce in one hour 


{ 
| 


the number of plastic handle 
sponges which formerly took eight 
hours—a production 
of 700%! 


increase 


The “aiROYmetric” Pump feeds 
0.8 gallons of glue per hour at 
room temperatures against a pres- 
sure of 45 pounds per square inch. 
O-CEL-O's engineers report that 
the pump has performed depend- 
ably since installation, with 75% 
less maintenance time. 


Performance in this operation 
demonstrates the versatility of 
Milton Roy Controlled Volume 
Pumps. Precision metering instru- 
ments, they are designed to pump 
practically any liquid in measured 


MIL vow 


volume. Their metering accuracy, 
in most applications within a frac- 
their 
range—4 milliliters to 
405 gallons per hour. They oper- 


tion of 1%, extends over 


capacity 


ate against discharge pressures up 
to 25,000 pounds per square inch. 


It will be worth your while to 
consider these versatile pumps if 
your requirements call for precise 
metering of liquids in controlled 
volume. For additional informa- 
tion on Milton Roy Air-Powered 
or Motor-Driven Controlled Vol- 
ume Pumps, write us Or call our 
representative listed in your Classi- 


fied telephone directory. 


COMPANY 


1379 EAST MERMAID LANE, PHILADELPHIA 18, PA 


CONTROLLED VOLUME PUMPS AND AUTOMATIC CHEMICAL FEED SYSTEMS 


10N with this MILTON ROY 
y 
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Why experiment, when you can be sure? 


If the operation involves fluid mixing, you can have guaranteed 
results, with LIGHTNIN Mixers. 

The LIGHTNIN guarantee protects you fully on any fluid mixing, 
blending, or circulating operation. 

It protects you fully even on such operations as: 


heat transfer 
gas dispersion 
solids suspension 


All you do is tell us a few facts about the materials, the tank or 
vessel, the end results you want, and how quickly you want them. 
We do the rest—and guarantee you'll be satistied. 

This wouldn't be possible without four things: 

Really wide experience in serving the process industries 

Most advanced mixing technology in the field 

A force of over 125 experienced mixing engineers at the factory 

and in 26 major industrial sections throughout the country 


Fullest selection of field-proved equipment to meet every fluid 


mixing requirement 


We think we have all four. We're sure enough to bet on it. When 


can we get together? 


GET THESE HELPFUL 
LIGHTNIN CATALOGS 


This libre -y of mixing information 
is yours for the asking. Catalogs 
contain helpful data on impeller 
selection; sizing; best type of ves- 
sel; valuable instaliation and op- 
erating hints; complete descrip- 
tion of LIGHTNIN Mixers. 


MIXCO fivid mixing specialists 


LIGHTNIN SERIES TE Mixers 
on special lubricant produc- 
tion. These units supplied for 
open tanks or closed pres- 
sure vessels, in sizes from 
1 to 500 HP. 


How you can be sure of 
efficient fluid mixing 


washing 
dissolving 
crystal size contro! 


LIGHTNIN PORTABLE Wixers ore used every- 
where to do hundreds f mixing jobs. Thirty models 
to choose from. Sizes Ve to 3 HP. 


LIGHTNIN SERIES SE Mixers, for lorge tanks, offer 
new easy repacking; choice of stuffing boxes or 
mechanical seals. Sizes 1 to 25 HP. 


c------------------- 


MIXING EQUIPMENT Co., Inc. 


199 Mt. Read Bivd., Rochester 11, N. Y. 
In Canada: William & J. G. Greey, Ltd., Toronto 1, Ont. 
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i (_] DH-50 Leberctory Mixers Please send me the catalogs checked at left. 
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